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Background 



Silvcrbrook's bilithic Mcmjet™ printhcads are the target printheads for printing systems 
which will be controlled by SoPEC and MoPEC devices. 

This document presents the fonnat and structure of these printheads, and describes the 
their possible arrangements in the target systems. It also defines a set of temis used to dif- 
ferentiate between the types of printheads and the systems which use them. 



Currently, this document is only concerned with the structure of the printheads and their 
systems, with regard to the way in which dot data is loaded. 

Refer to the Bilithic Printhead Specification [1] for the complete description of the func- 
tionality of these devices. 

This document relies on certain definitions and details presented in Bilithic Printhead 
Specification [1]. 



It is intended that this document be used as a reference for engineers involved in the 
design work on the SoPEC and MoPEC projects. 



1.1 



Companion Documents 



1.2 



Readership 
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BiLiTHic Printhead 
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2 Definitions 

This document presents terminology and definitions used to describe the bilithlc printhead 
systems. These terms and definitions are as follows: x 

• Printhead TVpc . Thm are 3 parameters which define the type of printhead used in a 
system: 

• Direction of the data flow through the printhead (clockwise or anti-clockwise, with 
the printhead shooting ink down onto the page). 

• Location of the left-most dot (upper row or lower row, with respect to ). 

• Printhead footprint (type A or type B, characterized by the data pin being on the left 
or the right of where is at the top of the prindiead). 

• Printhead Arrangement - Even though there are 8 printhead types, each arrangement 

has to use a specific pairing of printheads, as discussed in Section 3. This gives 4 
pairs of printheads. However, because the paper can flow in either direction with 
respect to the printheads, there are a total of eight possible arrangements, e.g. 
Arrangement 1 has a Type 0 printhead on the lefl with respect to the paper flow, and 
a Type I printhead on the right. Arrangement 2 uses the same printhead pair as 
Arrangement 1, but the paper flows in the opposite direction. 

• Cplpr 0. is always the first color plane encountered by the paper. 

• JDfiLQ is defined as the nozzle which can print a dot in the left-most side of the page. 

• Jfit pv^n P|an^ of a color corresponds to the row of nozzles that prints dot 0. 

Note that throughout tHis document, where the various printheads and systems are pre* 
sented, the printheads always shoot Ink down onto the page. 

Figure 1 shows the 8 different possible printhead types. Type 0 is identical to the Right 
Printhead presented in Figure 3 in [1], and Type 1 is the same as the Left Printhead as 
defined in [1]. 



Confidential 



October 21, 2002 



4 



Savertrook Research 



SoPEC/MoPEC Bilithic Printhead Reference 



4-4-1-6<v1.0dran 



Wiile the primheads shown in Figure I look to be of equal width (having the some number 
of nozzles) it is important to remember that in a typical system, a pair of unequal sized 
printheads may be used 
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Figure 1. Printhead Types 0 to 7 

Tabic 1 defines the printhead pairing and location of the each printhead type, with respect 
to the flow of paper, for the 8 possible arrangements. 

Table 1. Definttion of the different printhead arrangements 
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3 Bilithic Printhead Systems 

When using the bilithic printheads, the position of the power/gnd bars coupled with the 
physical footprint of the printheads mean that we must use a specific pairing of printheads 
together for printing on the same side of an A4 (or wider) page, e.g. we must always use a 
lype 0 printhead with a IVpe 1 printhead etc. 

While a given printing system can use any one of the eight possible arrangements of print- 
heads, this document only presents two of them. Arrangement 1 and Arrangement 2, for 
purposes of illustration. These two arrangements are discussed in subsequent sections of 
this document. However, the other 6 possibilities also need to be considered. 

The main difference between the two printhead airangcraents discussed in this document 
is the direction of the paper flow. Because of this, the dot data has to be loaded differently 
in Arrangement 1 compared to Airangement 2, in order to render the page correctly. 
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3.1 Example 1 : Printhead Arrangement 1 



Figure 2 shows an Arrangement 1 printing setup, where the bilithic printheads are 
arranged as follows: 

• The Type 0 printhead is on the left with respect to the direction of the paper flow. 

• The Type 1 printhead is on the right. 
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The printheads are facing downwards. 
The ink is being shot down onto the page Direction 

of Paper Flow 



Figure 2. Identification of printheads nozzJes and shift-register sequences for 
printheads in Arrangement 1 
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Table 2 lists the order in which the dot data needs to be loaded into the above printhead 
system, to ensure color 0-dot 0 appears on the left side of the printed page. 

Table 2. Order in which the even and odd dots are loaded for printhead Arrangement 



^^^^^^^^ 


^^^^ 




Odd 


Loaded second in 
descending order. 


Loaded first in 
descending order. 
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Loaded first \n 
ascending order. 


Loaded second in 
ascending order. 



Figure 3 shows how the dot data is demultiplexed within the printheads. 
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Figure 3. Demultiplexing of data within the printheads in Arrangement 1 

Figure 4 and Figure 5 show the way in which the dot data needs to be loaded into the print- 
heads in Arrangement 1, to ensure that color 0-dot 0 appears on the left side of the printed 
page. 
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Figure 4. Signalling for a Type 0 printhead in Arrangement 1 
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Figure 5. Signairing for a Type 1 printhead in Arrangement 1 
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3,2 Example 2: Printhead Arrangement 2 

Figure 6 shows an Arrangement 2 printing setup, where the biiithic printhcads are 
arranged as follows: 

• The Type 1 printhead is on the left with respect to the direction of the paper flow. 

• ITie Type 0 printhead is on the right. 



The printheads are facing downwards. 
The ink is being shot down onto the page. 



Type 0 Printhead 



t t 

Direction 
of Paper Flow 
V+ 



lype 1 Printhead 



O y O Q 



D^I i»>3 o-S 

0-4 91^6 

KB O Q 



Color 0 



nr»-5iir(-3^I 



nrHlnj+2 

Q O 




n-2 n-4 11-6 

o o 



Color 1 



1^51^3] 



Color 0 



m-Mnrt-2 




Color 2 



m-4 m-6 



Color 1 




0^5 
11-2 n<4 n-6 

KB O O 



Color 3 



Color 2 



m\2 m-4 m-^ 



" O o o 



Color 4 




1^5 n^3 



Color 3 



Q O 



n-2 n-4 n-^ 

000 



Color 5 



Color 4 



in+4qj+2 

o o 




Color 5 



Q Q C n 



4 2 0 

o 00 



Q Q Q 



1^ ^ 0 
Q 00 



Q Q O N 



4 2 0 

Q Q>0 



Q Q CN I - 



o 00 



05 q 0 .- 



1^ L 0 

o 00 



Gnd 

Figure 6. Identification of printheads nozzles and shift-register sequences for 
printheads in Arrangement 2 
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Table 3 lists the order in which the dot data needs to be loaded into the above printhead 
system, to ensure color 0-dot 0 appears on the left side of the printed page. 

Table 3, Order in which the even and odd dots are loaded for printhead Arrangement 



^^^^^^^^^ 


^^^^^^^^^^ 




Odd 


Loaded first in 
descending order. 


Loaded second in 
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Figure 7 shows bow the dot data is demultiplexed within the printheads. 
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Figure 7. OemulUplexIng of data within the printheads In Arrangement 2 

Figure 8 and Figure 9 show the way in which the dot data needs to be loaded into the print- 
heads in Arrangement 2» to ensure that color 0-dot 0 appears on the left side of the printed 
page. 
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Figure 8. Signalling for a Type 0 printhead In Arrangement 2 
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Figure 9. Signalling for a Type 1 printhead in Arrangement 2 
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3.3 



Conclusions 



Comparing the signalling diagrams for Arrangement 1 with those shown for Arrangement 
2, it can be seen that the color/dot sequence output for a printhead type in Arrangement 1 
is the reverse of the sequence for same printhead in Arrangement 2 in terms of the order in 
which the color plane data is output, as well as whether even or odd data is output first. 
However, the order within a color plane remains the same, i.e. odd descending, even 
ascending. 

From Figure 10 and Table 4, it can be seen that the plane which has to be loaded first {i.e. 
even or odd) depends on the arrangement Also, the oider in which the dots have to be 
loaded (e.g. even ascending or descending etc.) is dependent on the arrangement. 

If the device controlling the printheads can re-order the bits according to the following cri- 
teria, then it should be able to operate in all the possible printhead arrangements: 

• Be able to ou^ut the even or odd plane first 

• Be able to output even and odd planes in either ascending or descending order, inde- 
pendently. 

• Be able to reverse the sequence in i^ich the color planes of a single dot are output to 
the printhead. 
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Figure 10. All 8 Printhead Arrangements 



Confidential 



Octol}er21.2002 



11 



Silverbrook Research 



SoPEC/MoPEC BilHhfc Printhead Reference 



4-4.1-6-v1,0 draft 



Table 4. Order in which even and odd dots and planes ar« loaded Into the various 
printhead arrangements 









Arrangement 1 


Even ascending loaded first 
Odd descending loaded second 


Odd descending loaded first 
Even ascending loaded second 


Arrangement 2 


Odd descending loaded first 
Even ascending loaded second 


Even ascending loaded first 
Odd descending loaded second 


Arrangement 3 


Odd ascending loaded first 
Even descending loaded secoruJ 


Even descending loaded first 
Odd ascending loaded second 


Arrangement 4 


Even descending loaded first 
Odd ascending loaded second 


Odd ascending loaded first 
Even descending loaded second 


Arrangement 5 


Odd ascending loaded first 
Even descending loaded second 


Even descending loaded first 
Odd ascending loaded second 


Arrangement 6 


Even descending loaded first 
Odd ascending loaded second 


Odd ascending loaded first 
Even descending loaded second 


Arrangement 7 


Even ascending loaded ftst 
Odd descending loaded second 


Odd descending loaded first 
Even ascending loaded second 


Arrangement 8 


Odd descending loaded first 
Even ascending loaded second 


Even ascending loaded first 
Odd descending loaded second 
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Bi-lithic Printhead Specification 



1 0 Basic Requirements 

by "Stitching" reticle images. 

Th= mcmje. nozzle. h.v. ahorizcul r<^^^^;r,lZ'^^^-«^^' 
ket as 1600 dpi. 

same colour) scheme employed. 
1.1 Power Supply 

o«r to leng* of th. chips, but IMS «in be «».s.ted). 
1.2 MEMS cells 

during this pulse. 
1.2.1 ISSUE!!! 

po..p..espe.aseco„a.o,^3«.^^^^^^^^^ 

^t'e^ iXM-^™ p.^, so »e f„ 

iime. That is about 8 Amperes if «11 "oz^ls 

U 8 Amperes is for only 1 CO W i 6 A . 6 colours = 96 A for al, colours. 

„„„ ro^y colours could print a. the s»ne '--^MVIC -Jo^- «>'■ 
„1 at the time are required, to create n»ap "^^»ri^^of InfiaRed ink, 
g.„,d).Bu.«»fixa*,einlc«^^^^ '^IrSSy. the peak could be all 



1.2.2 64um unit cell height 

This cell would have 4 line spacing 
between adjacent colours. 



between the odd and even dots, and 8 line spacing 



1.23 80 um unit cell height 

This ceU would have 5 line spacini 
between adjacent colours. 



g between the odd and even dots, and 1 0 line spacing 



1.3 Versions 

1.3.1 6 Colour 1600 dpi with 64 urn unit cell 

Left and Right Chip. TTiis version will not be prototyped. 

1.3.2 6 Colour 160Q dpi with 80 urn unit ceU 

Left and Right Chip. 

1.3.3 4 Colour 800 dpi with 80 urn unit ceU 

For camera application. Single nozzle row per colour. 
This version wUl not be prototyped. 

1.4 Air Supply 

AirmustbesuppliedtotheMEMSregion through holes in the chip. 

2.0 Head Sizes 

TABLE 1. He ad Combinations 
Left Head 




Bi 
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3.0 Interface 

TABLE 2, I/O pins 



Name 
atafO-lJ 



OataLlO-lJ 



SrClk 



SrClkL 



I/O 



Max 
Speed! 

Function .Common l(MHz)| 

Dot data for colours 0 - 5. using I>iff^«'^^^'^iS^^ ''''^ 
(DataL the complementary signal). colours(0-21 on 
DatalOI. colour[3-51 on Detain 



Feedback for CMOS testing (L5yncL-l, ReadD^) 
and (iSyncZ.=0, ReadLr^) 

0] - nozzle test result 

1]- temperature 



No' 



irreionallyJuId be comrtio n^butfortiming/electrical reasons ^^^^^ 



a- runuuuiiaAij 

b 300 MHz clock, so edges are 600 Mhz rate 

c 1 MHz cycle, but the resolution of the mark/space ratio may require 50 ns. 
d. 10 kHz cycle, with minimum low pulse of 10 ns (no maximum), 
controller (SOPEC). 
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3.1 Dot firing 

Tofir..nozz,..Uu« Signals a. nee6.A<.o.da.3.a««signa>.»nd.pn>me.W,ena« 
signals are high, the nozzle wUl fire. 
FIGURE 1. Print head structure 




dot shift register, this data js tr^to 'f^ ™S w L the «orf=. THe "« 

at the same time the dot pattern in the flot latcn is t>een 

^ 4ith «ne register bit in «d. di.«cU<». flow. 



Bi-lithic Prisrthead Specificaiion 



4 



FIGURE 2. Column Structure 



Column N 




Datafi 



^eselec. register f«n.a»Se.e^ShmRe^.st.^a^^^^^ 
selects the reverse direction fire register. 
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3a D«t Shift Register Orientatton ,^f„^^.pie.ebi-.i.M. 

1 Paper Movement 

1 I„R Shooting out of page ^^^^'^^^^ heads 
♦Reader looUlng throogh paper over p 



ln-1 n-5 
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m-1 ni-5 



5 3 1 




Section A-A Through Even nozzles 




n-2 n-6 
_ n n -g 



liftPriStHSd^n-m) nozzies 




»+2 in-2 



• . thefollowingdatastreamswiUneedtoprovided. 
With this mapping, the following 

^ . . , »ead Comhinat-- patterns (n.^138^ ^ ,,Head 

Left Head 

, r _| dot7rder — c L^nli 3 i .4075.407V,4079,1 toe y+a' 

ip^y/,^ » — rrrrT^TTAoir 1 line v 



t^r±7j^^ .1 toe y+SI 

;?i<.^ri-;5 9739.9741.9743,1 line y+51 



pulses (and rising edges). 
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FIGURE 4. Data Timing During Printing 
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FIGURE 5. Print quaUty 




r ^i*> at tVie same time starting 



Bi-lithie 
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To achieve this fire pattern the fire shift register and select shift register need to 
be set up as show in Figure 6. 



FIGURE 6. Fire and Select Shift Register setup for printing 



]£lre shift 
register 



.•0000000. ...0001111111 -.•.1110000000.... OOOllllllX 111 soloct shift rog 



The pattern has shifted a * T into the fire shift register every n"* positions (where n is 
usually is a minimum of about 100) and n*Vs, followed n *0's in the select shift 
register. At a start of a print cycle, these patterns need to be aligned as above, with the 
"1 000. of a forward half of fire shift register, matching an n grouping of * T or 
•O's in the select shift register As well, with the "1000.,." of a reverse half of the 
fire shift register, niatching an n grouping of *r or 'O's in the select shift regis- 
ter. And to continue this print pattern across the butt ends of the chips, the select 
shift register in each should end with a complete block of n * Ts (or *0*s). 

FIGURE 7. Fire Pattern across butt end of Print Chips 



. 1110000000 . - • • 0001111111 ...» Ill 
XfOf t Print Hoad Fire/Select 



3C 



1111111. . . .1110000000. • . .0001111111 
Rlgbt Print Head Flre/Selact SR 



Since the two chips can be of different lengths, it makes initialisation of these pattern 
difficult. This is solved by building initialisation circuitry into chips. This circuit is 
controlled by to registers, nlen(14) and count(14) and b(1). These registers are 
loaded serially through DatafOJ, while LSyncL is low, and ReadL is high with FrClk. 



FIGURE 8. Fire Pattern Generation 




The scan order from input is b, n[13-0],c[0-13], therefore b is shifted in last. 
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The following table shows the values to programme the bi-lithic head pairs using a fire 
TABLE 4. Head CombSnations Initialisation for /i=100 



Nozzles 
La 


Nozzles 
Lb 


nlen(A&B) = 
#1-1 


county = 
(L/Jl) mod II 
-1 


bA 


be 


rem= 
(Lb/2) mod n 


' countB = 
(Lj^-Lt^-^rem) mod n 
-1 


9744 


4080 


99 


71 


0 


0 


40 


3 


8328 


5496 


99 


63 


0 


0 


48 


79 


6912 


6912 


99 


55 


0 


0 


56 


55 



pattem length of 100. The calculation assumes head 'A' is the longest head of the pair 
and once the registers are initialised with LA FrClk cycles (ReadL='0', LSyncL='r). 
rem would be the correct value for counte if chip B was only clocked (FrClk) Lg 
times. But this chip will be over clocked L/^-L^ cycles. The values of and arc 
either the same or inverse of each other. The actually value does not matter. They need 
to be different from each other if the select shift registers would end up with differ- 
ent values at the butt ends. If (Ly^/2n) is even (and county is non zero), then the fmal 
run in 'A's select shifl register will be Ib^. If mod n is even (and counte is 

non zero) then the final run in 'B*s select shift register will be Ibg. 



FIGURE 9. Determining Select Shift Register value 

HcadA 



L^ 



-> L,jJ2 select shift register length 



HeadB 



II 










< ► 





3.4 Profile Pattern 

A profile pattem is repeated at FrClk rate. It is expected to be a single pulse about lus 
long. But it could be a more complicated series of pulse. The actual pattem depends on 
the ink type. 

The following figure show the external timing to print a line of data. In this example 
the line is printed in 8 cycles of FrClk. 
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FIGURE 10. Timing for printing Signals 

-4 




rmjiLTBjmjHJMjm.™ ri_ 

3.5 Interface Modes 

The print heads a eight different modes controlled by signals ReadL and LSyncL. As 
seen in Figure 9 with both LSyncL and ReadL high, the chip in normal printing mode. 
Some of these mode can operate at the same time, but may interfere with the result of 
the other modes. 



TABLE 5. Print Head Modes 



ReadL 


LSyncL 


Mode 


Internal 
Mapping 


1 


1 


Nomial Print Mode 


SrClk=Sraic/3 

fixUc^FiClk 

SelClk»0 

FsClk=FrClk 

Scan=0 

CoreScan=0 


X 


0 


Dot Load Mode 

• Dot latches are open, loaded with Dot shift regis- 
ters, latch once LSyncL returns to 1 (this happens 
regardless of ReadL) 

• Enables Dot Shift register to capture fire resuh. 




1 


0 


Fire Load Mode 

• DatafO] will shift through nien, count and b with 
FrClk 

■ 


SrOk^X 

frclk=X 

SelClk-X 

FsClk=FrCik 

Scan=l 

CoreScan=X 
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TABLE S. Print Head Modes 



ReadL 


LSyncL 


Mode 


Internal 
Mapping 


0 


1 


Reset Nozzle Test 

• Resets the state of nozzle test circuit • 


Siak=SrClk 

FrClIc=FiCIk 

SelClk^FrClk 

FsClk=FrClk 

Scan=0 

CoreScan»l 


0 


1 


CMOS testing mode 

• The contents of the dot shift registers are serial 
shifted out on Data [0-1] with SrClk 


0 


1 


Fire Initialise mode 

• The contents of the fire shift register and select 
shift register is generated with FrClk 


0 


0 


Temperature Output 

• The series of Delta Sigma ou^ut are clocked out on 
Data[OJ with FrClk, The sum of these bits represent 
the temperature of the chip. 


SK:ik=X 

frclk^O 

SelClk=0 

FsClk=0 

Scan=€ 

CoreScan==X 


0 


0 


Nozzle Test Output 

• The result of a nozzle test is output on Data[l ]. 



3.5.1 Printing 



Figure 10 shows show timing for normal printing. During this action, we drop out of 
Normal Print Mode^ to Dot Load Mode between line transfers. For printing to perform 
correctly, no other signal should be stable. 

3.5.2 Initialising for Printing 

To initialise for printing the fire shift registers and select shift registers need to setup 
into a state as shown in Figure 7. To do this the chips are put into Fire Load Mode and 
the values for nien, count and b are serially shifted from Data[0] clocked hy FrClk. 
As the two chip have separate Data line, and common FrClk, this happens at the same 
time. Once this is done, mode is changed to Fire Initialise Mode, and fiirther FrClk 
cycles are provided to both chips. Ehuing all these operation Pr should be low, to pre- 
vent unintentional filing for nozzles. 
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FIGURE 11. Initialising Print Heads 
LsyncL 



ReadL 

DataA(0] ( bA, lnen[13-0], count[0-13lA V 
DataetO] ( i>B, lacn|13>01, comit[0-13lB > ■ 



SrClk 



ma 



Pr 



IMl 



La cycles 



Fire Load Mode 



Fire Initialise Mode 



3.5.3 Nozzle Testing 

Nozzle testing is done by firing a single at a time a monitoring tlie DataflJ pin in the 
Nozzle Test Ou^ut mode. 

Each nozzle has a test switch with closes when it nozzle is fired. All 12 switches in a 
nozzle colimm are connect in parallel to the following circuit. 



FIGURE 12. Nozzle Test Latcliing Circuit 
, LSyncL&tReadL 




Vdd 



Testout 



This circuit is initialised when ever LSyncL is high and ReadL is low (Reset Nozzle 
T est mode). This forces all **switch nodes" to low, and the feedback through lower NOR 
gate will latches this value. With LSyncL low and JteadL still low (Nozzle Test Output 
mode) the Testout of the first nozzle column is output on Data [I J. If any switch is 
closed, the switch node of this column will be pulled up, and will ripple through to the 
output as transition fi:om high to low. 
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FIGURE 13. Nozzle Testing 
LsyncL 



ReadL 
Data[1]' 

SrClk 
FrC!k 



mm 



Pr 



Set up Test 



Reset Nozzle Test Mode 



JL 



Nozzle Test Output 
Mode 



Setup 
Test 



Nozzle testing requires a setup phase in order to fire only one nozzle. There are many 
ways to achieve this. Simplest might be to load a single colour with 101010 through the 
even nozzles, and 0 1 0 1 0 1 ... for the odd nozzles (O's for all other colours), and set up a 
fire pattern with n = Lj>J2. With this fire pattem only one nozzle will fire in each Pr 
pulse. After firing in Nozzle Test Output mode, a single FrClk will advance to next 
nozzle, then Reset and Test, After cycles of this testing, a single 5X7/*: will 
advance the dot shift registers to setup the untested nozzles of this colour, and another 
La/2 cycles of FrClk, Reset and Test will finished testing this colour. Then repeat test 
procedure for other colours. 



3.5.4 Temperature Output 

This mode is not well defined yet. In this mode, DatafOJ will output a series of ones 
and zeros clocked by FrClk, After a (currently unknown) number of FrClk cycles the 
sum of this series will represent the temperature of the chip. Clocking frequency in this 
mode it expected to be in the range lOkHz - IMHz. 
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FIGURE 14. Temperature Reading 

Lsy net \ 

ReadL | 

Data[0] — ( I I I 

SrClk ' 




Pr 



> 



The Frequency ofFrCIksnd the number of cycles need to be programmable. Since this 
mode cycles FrClk, the result of fire shift register and select shift register would be 
changed, but in this mode FrClk is disabled to these circuit. So printing can resume 
without reinitialising. 



3*S*5 CMOS Testing 

CMOS testing is a mode meant for chip testing with before MEMS as added to the 
chip. This mode allows the dot shift register to be shifted out on the DatafO-J J pins. 
Much like the nozzle test mode, the nozzles are fired while LSyncL is low, but during 
the firing SrClk wiU be cycle, and the dot shift register wiU load the signal that 
would fire the nozzle. Once capture, the result can be shifted out 

FIGURE 15. CMOS Testing 

LsyncL — 



ReadL 



Data 

SrClkj 
FrClkj 

Pr 



Set up Test 



R 



Dot Load Mode 



CMOS Test Output Mode 



The Dot Load Mode above violates nomial printing procedure by fuing the nozzles 
(Pr) and modify the dot shift register (SrClk). 
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4.0 Reticle Layout 



To make long chips we need to stitch the CMOS (and MEMS) together by overlapping 
the reticle stepping field. The reticle will contain two areas: 

FIGURE 16. Reticle Layout 





The top edge of Area 2, pad end contains the pads that stitch on bottom edge of Area 1, 
CORE. Area 1 contains the core array of nozzle logic. The top edge of Area 1 will stitch 
to the bottom edge of itself. Finally the bottom edge of Area 2, butt end will stitch to 
the top edge of Area 1. The butt end to iised to complete a feedback wiring and seal 
the chip. 

The above region will then be exposed across a wafer bottom to top. Area 2, Area /, 
Area 7...., Area 2. Only the PAD end of Area 2 needs to fit on the wafer. The final expo- 
sure fo Area 2 only requires the butt end on the wafer. 
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FIGURE 17. Stepper Pattern on Wafer 




4.1 TSMC U-Frame requirements. 

TSMC will be building us ftames 1 0 nun x 0.23 nun which will be placed either side of 
both Area 1 and Area 2, 

TSMC requires 6 mm area for blading between die two exposure ar^^ Pm^^^*^' 
to^^^ the reticle, as some recticles are 2x size, while most are 5x. the worst case 
must be used. 
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1 Introduction 



1.1 Document History 











\ 


29 November. 2002 


Simon Walmsley 


cols document got no or ook reierence now 
that we are using LEON. 


1.6 


26 November. 2002 


Simon Walmsley 


Added description of storing more than a sin- 
gle SoPEC_id Key In a PRlNTcR^QA ctn sec- 
tion 3.5.3 and related). This reduces the cost 
of a multi-SoPEC system with no loss of secu- 
rity. 

Also added text to describe mat batch keys 
can be different for each SoPEC if the indirect 
upgrade Key protocol Is used. 


1.4 


9 September. 2002 


Simon W^lmstey 


Added section in requirements detailing types 
of attacks we care about ar^ don't care about. 


1.3 


30 August 2002 


Simon waimsiey 


Changed ComCo.OEM_xxxx variables Into 
simply xxxx variables, since that is more 
generic. Added text regarding ink refill. Added 
extra software authentication stage to prevent 
ComCos from fiddling with SoPEC software. 


1.2 


29 August 2002 


Simon Walmsley 


Added section on how the PRINTER_QA chip 
gets programmed with the SoPEC.ld_key. 


1.1 


28 August 2002 


Simon Walmsley 


Updated to have ink and operating parameters 
be authenticated via symmetric key based sig- 
natures t>ased on a unique SoPEC.M. 


1.0 


27 August 2002 


Simon Walmsley 


Updated after review. 


0.2dran 


26 August, 2002 


Simon Walmsley 


Changed pubUc-Key and private Key refer- 
ences to asymmetric & symmetric respec- 
tively, so private can now sub-refer to the 
private key of the asymmetric pair, or the sin- 
gle prfvate symmetrto key. Changed OEM.Id 
into ComCo_OEM_Hcense_id to more accu- 
rately reflect the scope of the Id. 


0.1 draft 


26 August. 2002 


Simon Walmsley 


initial issue. 



1.2 REFERENCES 
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1.3 Scope 

This document describes the basic security requirements of programs miming on the 
SoPEC ASIC [IJ. It then describes an implementation solution to the secunty require 
ments. 
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ated authentication protocols [5]. 
dociunent. 
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A^li i»» » '^'^ ^ ^ 

document useful. 

This document is also intended to be read by those responsible for key management and 
associated database designers with regards to gmding requirements. 
Tlus document is confidential to Silvexbrook Research "^^^td to d^«iibuHon out- 
side this organisation mm be covered by a non-disclosure agreement (NDA). 

QA CHIP TERMINOLOGY 

The Authentication Protocols document [5] refers to QA Chips by their fVmction in partic- 
ular protocols: ^ -i* • r\A 

. For authenticated reads. ChipR is the QA Chip being «ad from^ ChipT rs the QA 

Oap that identifies whether the data read from ChipR can be «^ 
. For replacement of keys. Chip? is the QA Chip being I««Sramrr.ed^^e new ke^^ 

ani CWpF is the factory QA Chip that generates the message to pK.gram ^^"^^ 
. Z up^s of data in memory vectors. ChipU is the QA Ctap bemg upgraded, and 

Chips is the QA Chip that signs the upgrade value. 
Any given physical QA Chip will contain functionality that allows it to operate as an 
entity in some number of these protocols. 

as defined in [5]. 

p?SraL.QA. and will be on a separate bus to the INK_QA ch.ps. 
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2 Requirements 

2.1 Security 

The basic functional security requirements are: 

. Silverbrook code and OEM program code co-existing safely 

. Silverbrook operating parameters authentication 

. OEM operating parameters authentication 

• Ink usage authentication 

Each of these is outlined in subsequent sections. 

The auttientication requirements imply that: 

with the exception of operatmg system permittea uriw pins 
, 1 1 SUverbrook code and OEM program code coexisting safely 

pipeline, interfaces to conununicadons channels «c^T^OOJ 
activa:ttd. 

• — t for SoPEC is a form of protection management, whweby Sil- 

be rearicled to saveitreok progom CO* only- 
Sllv«tl.ro<*openrtlli9Pa"»"«»'«»"»'»"*«°"''" . . _ 



2.1.2 
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SoPEC Security Overview 

Stiverbroo K Research ^ 

program code. 

However the OEM must be capable of ass«nbly-li„e t^g the Print Engine at the 
Zas befoxe selling the Print Engine to the end-user. 

2.1.3 OEM operating parameters authentica«o" 

The ena-user sho^d not be able ^.^^^^^^Z^'i SlT^ b^^ Z 
appropriate fee to the OEM. Similarly. «*-^„"s';|c This implies that end-users 
^SUication mechanism via any p^^ c^ on S^^ 

'""^hrrre^and-^e^^^^^ 

OEM, may provide ink at $A for a SB P"f^^^'*t"^l)cr price $B-$Y. OEMi has 
prints at a higher price $ A-.SX, and printers can only use 

of OEM2 printers can only use OEMj ink. 

^r^. Ar,v\A that end-users cannot subvert the authentica- 

code etc. It is impossible to gua«i ag«nst such an attack, 
we arereaUy only concerned wi^^JJ^^i^^^^^ 

of printer operating P™*^***; ^^^^^^ j^!ro« ?S,laced by one that can be down- 
Jh an attack is where the S'lv"brcK.k pnntin^^^^^ y the 

loaded from the ^t^^^^""! .i^e O/^S ^evdopS by a hack^ or by a rogue OEM .s 
of the license agreement. 



1. a frankiiig machine prints stamps 
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net and have no perceived "J^*^** T^^^^ 
of a legitcmale upgrade. 

rity. 

tation constraints. These are: 

. No flash memory inside SoPEC 

• SoPEC must be simple to verify 

. Silverbrook program code must be updateable 

. OEM program code must be updateablc 

. Must be bootable from activity on USB or ISl 

. Noextrapinsforassigning^tosUveS^^^^^ 

. Cam,ottrust.hecommschamH^ o*eQA^P>^^^P^ 

. Cannot trust the comms channel to the QACnipm me 1 

. Cannot trust the ISIcomms channel 
These constraints are detailed below. 



few bits, 

2.3.2 



SoPEC must be simple to verify ^ 

All combinatorial logic and «">^<»i=f^P2i^ ^ifth'Tthese increases veri^^^^ 
before manufacture. Every mcrease m complexity m eiincr 

effort and increases risk. 

• verified completely (see Section 2.3.1) 

• correctforallpossiblefutuieusesofSoPECsystems 

• finished in time for SoPEC manufacture 
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Therefore the complete SUverbrook program code must not permanenay 

So?K K must be Jossible to update the Silverbrook program code as enhancements to 

functionality are made and bug fixes are apphed. 

In the worst case, only new printers would receive the new functionality or fi'^es. fa 
tie be J^e. exiting SoPEC users can download new embedded code to enable fancdon- 
S.ty or Si fixes. llally. these same use« would be obtaining these updates fi»m the 
OEM website or equivalent, and not require any interaction with Silverbrook. 

2 3 4 OEM program code must be opdateable 

Given that each OEM wiU be writing specific prognm. code for pnnte^^ 

been conceived, it is impossible for all OEM program code to be embedded in SoPEC at 

the ASIC manufacture stage. 

Since flash memory is not available (see Section 2.3.1). OEMs cann^^re their program 
cXin on^hip fSsh. While it is theoretically Possible to store OEM pro^cfje " 
ROM on SoPEC. this would entail OEM-specific ASICs which would be prohibitively 
expensive. Therefore OEM program code cannot pe/«anen<(y reside on SoPEC. 

Since OEM program code must be dowidoadable for SoPEC to execute, it ^o^^d^^^ 
fore be possibleTo update the OEM program code as enhancements to fimctionahty are 
made and bug fixes are applied- 

In the worst case, only new printers would receive the new ^f^^^ °' l^^'!^^ 
the best case, existing SoPEC users can download new embedded code to M fon^on- 
Sity or bug fixes. Ideally, these same users would be obtaining these updates from the 
OEM website or equivalent, and not require any interaction with Silverbrook. 

2.3.5 Must be bootable from activity on USB or ISI 

SOPEC can be placed in sleep mode to save power when printing is 

not preserved in sleep mode. Therefore any program code and data in RAM J'" ^ 

Ho>II^oPEC must be capable of being woken up from the host when .t is time to prmt 

again. 

In the case of a single SoPEC system, the host communicates with SoPEC via USB. 

In the case of a multi-SoPEC system, the host typically communicates with the ISI Ma^er 
(eTthe ISI Master could be SoPEC. and the comms is USB), and can send messages 
So otier slave SoPECs via the ISI master. The ISI master SoPEC relays these messages to 
the slaves via the ISI. 

Therefore SoPEC must be capable of being woken up by activity on either the USB or on 
die ISI. 

2 3 6 No extra pins to assign IDs to slave SoPECs 

In a single SoPEC system the host only sends data to the single SoPEC. However in a 
muUi sTeC system; each of the slaves needs to be uniquely identifiable in order to be 
able for die host to send data to the correct slave. 

Since there is no flash on board SoPEC (Section 2.3.1) we are unable to store a slave ID 
(eg 4 bits) in each SoPEC. Moreover, any ROM in each SoPEC will be identical. 



Confidenttal 



November 29. 2002 



8 



4-4-1-3 vl.6 

SoPEC Security Overview 

Sih/efbf ooK R esearch ^ oorcw y 

tions. and furtber pins would add to the cost. 

2 3 7 cannot trust th. eomms channd to th. OA Chip in prtnter (PR1NTER.QA) 

ihe PRnrraR.QA cUp 01 subwB ll« commmioilioiB cinnnei. 
2 , , C».n« tn-s. tho con.™. ch»,n.l to tin, OA Chip m ink c»tHd*« ""l'-^' 

ory of that ink cartndge s OpS^QA cj^P;^^" * q secure. It is possible for an 

not relv on the comiminication channel to the inn^va oc™b * 

eni-ter" r^i^e the INK.QA chip or subvert the commumcations channel. 

2.3.9 cannot trust the ISI comms channel ^^^^ 

Inamulti-SoPECgJem o^jj^^gle.^^^^^ p^^^.^, „ „ 

^Vrr\: S::;' Sf^rS^b^conununicati^ 
man-in-the-middlc attacks). 
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3 Proposed Solution 

A proposed solution to the requirements of Section 2. can be sununarised as: 

• Each SoPEC has a unique id 

• CPU with uscr/supcrvisor mode 

• Memory Management Unit 

• SoPEC ISI identification 

"^i Each SoPEC HAS A UNIQUE ID . X ^. 

3.1 CA<.n owr minimum size 64-bits'. This 

Each SoPEC needs to contains a umque ^^^^-'^ ° s^PEC- SoP£C id key. 

^ECJd is used to form a symmetric key umque to each SoPEC. SoFt.i._i 

The ve^fication of openting parameters and ^^-^J^^^^^CfSl^^^^^^^^ 
It is important to note that in the proposed sohi^o^^^^^ 

^-:xrnLCSHcTS^^^^ 

, is ideal that the SoPEC..^r^^^^^^^j^^^^^ 
3 2 CPU WITH USER/SUPERVISOR MODE . .a, 

SOPEC ^ . CPU ^ 

V8 instruction set). 

_ . ciide will nan in supervisor mode, and all OEM 

Silvcrbrook (operating system) program code wui run m sup^ ^ 
program code will run in user mode. 

3 3 MEMORY MANAGEMENT UNIT 

DRAM b, aelimng '"^ «"« JSJTT^^ V^-^ 



\ , On IBM's GUI 1 piocess this chipld is 80 bits. 
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mitted. 
DRAM. . 

• .« ,u the non-valid address space should be trapped, regardless of user 

Wc>ck will deterimne how the access IS restricted, 
dereferencing to be trapped. 

With respect to the DRAM and PEP ^/S-/-^^ 
read/write/execute mode P*™""^"''.^^^* i^SsS p^Sam and 0/0/0 elsewhere. By 
for OEM program data, 1/0/1 for «B«°»s "/^©^ J^St^ex.;:ute permissions for this 
contrast we would typically set ="P^;;^^!^:^^ i„ sup^sor mode), 
memory to be l/l/O (to avoid accidentaUy executmg user coac 

. / . 3 n should only be accessible in supervisor mo<te. 



access. 



3 4 SPECIFIC ENTRY POINTS IN O/S ^<,c« 
implementation for this depends on the CPU. 

mode The TRAP handler dispatches the service request, and then renims 



user mode. 



updates occur. 

.^A^ to call user mode code. There are a number 
The LEON also allows supervisor mode code to call user mooe 
of ways that this functionality can be implemented. 
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3.5 Boot Procedure 

3,5.1 Basic premise 



premise ^ i>pr*c 

ating paraxneteis. 

We perfonn authentication of program code and data using asymmetric cryptography and 
wif/iowr using a QA Chip. no am 

Assuming we have already downloaded some da^ and a 160-bit signature mto eDRAM. 
the boot loader needs to peiform the following tasks: 
. «rfonnSHA-l on the downloaded data to calculate a digest teca/D«g«r 
: ^Z ^:iic decryption on the dc^oaded signature (160-b.ts) usmg an 
asymmetric public key to obtain aurtorfeedDi«e5< ^,,K-c,m„ 

passed to the downloaded data 

probed and the security is compromised. 

The procedure requires the following data item: 
• bootOkey - an «-bit asymmetric pubUc key 

The procedure also requites the following two functions: ^ ^ , .go-bit 

. SHA-l-= a function that performs SHA-l on a range of memory and returns a l60-b.t 

. ^Zpt - a fimction that performs asymmetric decryption of a message using the 

Ms'IIngiri of these are available (e.g. in the boot ROM), boot loader 0 can be 
defined as in the following pseudocode: 



boo^loadorO(dat:«« siff) 

" ;r'.oi::u'c:s:n:i^trs^.u. -ixi never u> r«um 

Else ^ , 

// program code is unauthoriiefl 

Endlf 



from some hacker in Norway). 



Confidential 



November 29. 2002 



12 



.:a . 2M8.bU toy b nqoirrf to nutd. tl« 160-bi. symmenio-key Kcurity 



f <:^PFr Lk based cm keeping the asymmetric private key 
Therefore the entire security ofSoPEC « ^^'^fj'"^,^ f^^^jon keeping the pro- 

bootOkey secure. 



ify and characterize. 

3.5.2 



Hierarchies of authentication silvcrbrook OfS code needs to be 

Given that test prognum. evaluatm ^^''^^^^^Z xc^cd, it is not secure to 

code. 

Therefore we requite differing levels Of a^^^^^^^ 
although the procedure for authentication is identical to tne n 
code contains the key for authenticating the next 

For example assume that we have the foUowij» entities: 

The levels ofauthentication hierarchy are as foUows: j^^^.^^es 
. SoPECCo generates ^ro^eri consi^g of ti^^^^^^^^ S^^ECCo 
the print engine fimctionahv) and the ^°^'^°l^J^^l^y. The print engine 

is an operating parameter block for a given OEM s J™ ^ asymmetric private 
the print engine license ^^^f^^^^^ TmL^n.^^ P^Tspeed ranges. 
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crate as many of these operating P^^^" ^'^f'^^^:^' "^"^ 
Licenses but cannot write or sign any supervisor O/S program code. 

poses or for updates to drivers etc) 
The relationship is shown below in Figure 1 . 



datasets 
(suppled to 
end-user) 




t2 - 
85 



1^ j ^^^ii^^^P^Mgp T!^^^ ^ 




Figure 1. Relationship between the datasets 

c^ppr itcHf validates datasetl via the bootOkey mech- 
^J^:;^^^^^^oset4. The validation hierarchy is shown m Figure 2. 



SoPEC boot rom 
(inctudes bootOkey public key) , 



vaSdatlon via bootOkey 



datasetl: operrtlnfl eyrtem 
(includes ComCo public Icey) 



validation via ComCo key 



datas«t2: operating panns 
OncTudos OEM publte key) 



validation via OEM key 




datasat4: OEM pfogrem code | 



Figure 2. Validation hierarchy 
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nPM orocram code in the authentication hierarchy. However ii uic / 
ObM program couc lu u orocram code is also compromised A corn- 

private key is compromised, then the OEM program cooe y 
promise of bootOkey compromises eyeiyfluag up to SoPEC itself, and wouiQ req 
mask ROM change in SoPEC to fix. 

private key paired to bootOkey secure. 
3.5.3 Authenticating operating parameters 

and OEM operating parameters. Both sets of °P«'^8 P"!^ ^ ^^e printer to 
ment of host O/S drivers etc. 

On PRINTEil QA. memory vector Mo contains the upgradable operating parameters, and 
SIJS^ M ™contL any constant (non-upgnulable) operat.ng parameters. 

Considering only Silverbrook operating parameters for the moment, there are actuaUy two 

problems^ setting and storing the Silverbrook operating parameters, v^ch should be 
authorized only by Silverbrook , 
^.reading the parameters into SOPEC. whichis^issueo^ 
Uie dm on die PRI1^IL.QA chip since we don't trust PRINTER^QA. 
The PRINTER^QA chip therefore contains the following symmetric keys: 

TVl„pfC M tev mis key is "oKl" f" ««* ^oPEC (s~ Swoon 3.1), »idB 

anything. . ^ 

It ic onlv used to authenticate the actual upgrades ot tne 

Ka is used to solve problem (a). It is only usea lo standard upgrade protocol 

ing as the ChipS. 

operating parameteis) from P^^I^^y'^-iJllrSA actins as ChipR. and the embed- 
cated read P"»o-»^f»-^ ' ^EC 2.gTS^^e^eScat.!d read protocol [51 
ded supervisor software on SoPEC acting as v>mpi. iu -vu^^ creates the 

SquireTthc use of a 160-bit nonce which « « PI^IJ"^" "^Sdi^J^ de^^le 

pi^blem of introducing l>^^^^'^^^^^ ^^^^^^^^ One possibility 
Jy OEM programs. especiaUy given that SoPEC boots mto atoo^ ^ ^. 

ia! 1^^U= f^rk s;:^nyS^:™^ S^^n^^ - value in the 
S^J^^nter agister in SoPEC's timer unit when the first page amves. 
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part of Mq. 

L.this«^.K,»v»~«te..b.l.o«.by«.y=»«««P>«» SOPEC .rfFRINtElL.QA. 
exM keys (muWpl. SWiCJJ » « "«l"«»'™-<'*- 

print will termiaate. 

storeJ ta the PiaNTEIl.<!A B <l«s="T»«' l» Seoim 3"- 
would be performed. 

PRINTER_QA containing upgraded parameters JJ^^qa mus contain 

bi!^ machine (e.g. over anet). Neither approaches are good. 



1. 
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. I «.oct^r PR TNTER OA for testing, then wc must make use of special 

If thece IS no special ^^J^f^^^ Z,^ both. The solution will depend on the 
test programs, or storage on the PRlw i tiK^Vi'^i 
test requirements of the OEM. 

would not want the OEM to have such a program. 

1 ^♦-^ nacTM that had been signed with some key, then 
Likewise, if a test program only P"°^,P!«^*^T«Ae sSnature must be verified 

gets out into the public, the user can only print blank pages. 

If the OEM requires tests that actually prints dots, there are several possibilities: 

a A version of the O/S (signed for the OEM) that will only P^"* sP^cial Silver- 
Lo?^ patterns, xiismay be quite adequate, butit has the d^^^^ 

OEM test patterns cannot be printed, 
b A version of the O/S that prints garbage in special places over 'f^g^- 
Agin the has the disadvantage that special OEM test patterns cannot be 
printed. . 
c A version of the 'O/S that reads and decrements a DecrementOnly value in 
Pl^^QA. If the value before successful decrementing .s non-zero. then 
the O/S will run at full upgrade capability until eith^ P°!?^^Sierbrook) 
pre-determined number of pages (e.g. agreed ^t^'^'/i^j^^^ 
have been printed. The number to be stored m the PRINTER^Q A at minai 
PRINTER QA customization may only need to be I or 2. 
Of these solutions, op'lion (c) is probably *e least r^trictive^meOEM^^^^ 
usefoL If the test program gets out. then if the value '"^^^^^^l^.'^Zsc^ii £ 
Sen tihen. is no impact, and if the value is small, then only ^^^j^l -^^^ '''^^^ 
printed at fidl upgrade capabiUty. and power must sUy on while doing so. 



3.5.4 



Use of a PrintEnglneLicense id 

Silverbrook O/S program code contains die OEM;s ^^^^''^^'1;^^::^^^: Z 
the subsequent OEM program code is authentic - i.e. from the OfJ*" q^M's 
SoPEC only contains a single root key. it is theoretically possible for d'^*"'™ 
aSStlins to be run identfcally physical Print Engines i.e. pnnter driver for OEM, run 
on an identically physical Print Engine ftx>m OEM2. 
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same time as the other various PRINTER.QA customizations are being applied, before 
being shipped to the OEM Site. 

la this way. the OEMs can be sure of differentiating themselves through software func- 
tionality. 



of dots printed for each ink- 

be Stored in Mi+ within INK_QA. 

Just « the Print Engine" operating P-^^j;;^*^,!"^:^ 

given Print Engine hc«tse may o-Jy l» P^^ntlTvId set oTTnk types, colors. 

s^K^s'SLu^ri^re jds^^^^^^ -c^^^ - 

INK^QA. 

• . A tK*» TNK: OA both in temis of ink parame- 
SoPEC must be able to authenticate reads from the INi^.^^, oo 

tCTS as well as ink remaining. 

To authenticate ink a number of steps must be taken: 

• restrict access to dot counts JourMTFR OA 

. authenticate ink usage and ink parameters ^'^^'^-^^f'''^^^^^^'^'' 
. bxoadcast ink dot usage to all SoPECs in a multi-SoPEC system 

3.5.5.1 restrict access to dot counts ^..j^ .^e PEP section of SoPEC, access to these 

Since the dot counts are ^^^^^ ^^^^^^^ available from supervisor 

J^oblem th'at we don't tn«t I^^QA. Tl.er^re how c^ toow^^afaft^r a write to the 
of ink (or the ink parameters), and how can a SoPEC know 
INK_QA, the count has been correctly decremented. 

INK.QA. 

We cannot write the 5.P£CJ^-.^y to the n^QA for two re^^^^^ 

..f. (\ e if oower is removed mid-update. the INK.l^A 
. . updating keys is not power-safe (i.e. if power is re 

could be rendered useless) 
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change the old key to a new one). 
The proposed solution is to let INK^QA have two keys: 

pennissions to the ink remaining regions of Mo on INK^^^A. ,„v 

rrr/,<rf„fcL«:e«e key This is key is constant for aU ink caitndges for a given ink 
. K, - lfee/n*Ltcenje_«y. ms. a / siiveibrook ComCo (this is not the same key 
usage agreement between an OEM and a . ^ ^ ^te 

as PrintEngineUcense.key which is stored as Ko m PRINTER_QA). k, nas 
pennissions to anything. ... . m 

(e.g. in K2), also with no write pennissions. 

This means there are two shared keys, with PRINTEi^QA sharing both, and thereby act- 
ing as a bridge between INICQA and SoPEC. 

. y«/„ifcLi««e_te>,issharedbetweenrbnC_QAandPRINTER^QA 
. SoPEC Jd.key is shared between SoPEC and PRINTER.QA 

AU SoPEc'ha; to do is do an authenticat^ re^. g '^f'^^^i:^:. 

jsijsi^-rjrai-s!^^^^ 

from INK.QA must be valid, and can therefore be trusted. 

Once the data from INK^QA is known to be tn^^ *e -^^^ -^ '^^tttS^^ 
checked, and the other ink licensmg parameter such as 
InkUsageLicenseJd can be checked for validity. 

The actual steps of read authentication as performed by SoPEC are: 

1 r.. wh<r-h vev to use when signing 

KEYl f- 1 // sinple constants to specify which Key to us 

KEY2 «- 2 

R^nma. PRINTER_QA.r«ndon.») _ usolnlcuicense.key 

R™. siCxMK lNK_QA re«<l«KEYl. R«,h«b)// "--^ 

SlGsoPeC HMAC^SHA.l (RpRiMTKR 1 ^SOPTC I "iNR* 

If (iSlGpKliim »= <J> ^ <SIGp,,rK™ = SIGsopEc)) 

. // MxKK i^**:* ^""^ ^^^'^^ "^'"t inkUs«QeLicense.Id. or ink renaming 

// MxK„ could be ink parameters, such as inkUsageLxcens . 
If (MiKK-inkRexnaining = expectedlnkRemaining) 

// all is ok 
Else 
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// the ink value is not what we vrrote, so don't print anything anymore 

EndlE 
£lse 

// the data raad from INK_QA is not valid and cannot b« trusted 
Endlf 

Strictly speaking, we don't need a nonce (RgoPEc) *e time because Ma (contaioing 
the ink remaining) should be decrementing between authentications. However we do need 
one to retrieve the initial amount of ink and the other ink parameters (at power up). This is 
why taking a random number from the WatchDogruner at the receipt of the first page is 
acceptable. 

In summary, the SoPEC performs the non-authenticated write [5] ^'"^J^.*** *2 
INK OA chip, and then performs an authenticated read of the data via the PRINTbK^yA 
as per the pseudocode above. If the value is authenticated. mL the INICQA ink-remain- 
ing value matches the expected value, the count was correctly decremented and the pnnt- 
ing can continue. 

3.5.5.3 broadcast ink dot usage to all SoPECs in a multl-SoPEC system 

In a multi-SoPEC system, each SoPEC attached to a printhead (4 at most) must broadcast 
its ink usage to all the SoPECs. In this way. each SoPEC will have its own version of the 
expected ink usage. 

In the case of a man-in-the-middle attack, at worst the count in a given SoPEC is only its 
own count (i.e. all broadcasts are turned into 0 ink usage by the man-tn-the-middle). 

A single SoPEC performs the update of ink remaining to the INK_QA <=Wp^d Uien all 
SoPECs perfonn an authenticated read of the data via the appropnate PRINTER.QA (tlje 
PRINTER_QA that contains their matching SoPECJd_key - remember that multiple 
SoPECjdJceys can be stored in a single PRINTER_QA). If the value is authenticated, 
and the INK_QA value matches the expected value, the count was correctly decremented 
and the printing can continue. 

If any of the broadcasts are not received, or have been tampered with, the "Pdfted ink 
counu will not match. The only case this does not cater for is if each SoPEC is tncked (via 
an ISI man-in-the-middle attack), into a total that is the same, yet not the true total. Apart 
from the fact that this is not viable for general pages, at worst this is the maximum amount 
of ink printed by a single SoPEC. We don't care about protecting agamst this case. 

Since there will be at most 4 printing SoPEC, it requires at most 4 authenticated reads. 
This should be completed within 0.5 seconds - weU within the 2 seconds/page prmt tune. 

3.5.6 Example hierarchy 

The exact breakdown of hierarchy will depend on a later investigation, but for the pur- 
poses of scoping out possibilities, it is worthwhile considering an example hierarchy for 
illustrative purposes. 
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Adding an extra bootloadcr step to the exainple fix)m Section 3.5.2. we can break up the 
contents of program space into logical sections, as shown in Table 1 . Note that the ComCo 
does not provide any program code, merely operating parameters that is used by the O/S. 



Table 1. Sections of Program Space 





siiiSiaiffil 




0 

(ROM) 


boot loader 0 
SHA-1 functfon 
asymmetric decrypt (unction 
bootOkey 


sectk>n 1 via bootOkey 


1 


t>oot loader 1 
SoPEC_OS_public_key 


section 2 via SoPEC_OS_public_key 


2 


Silverbrook O/S program code 
function to generate 
soPtc^td^key from SoPEC.id 
Bask: Print Engine 
ComCo_public_key 


section 3 via ComCo_public_key 

section 4 via OEM.public.key (supplied in sec- 
tion 3) 

PRINTER_QA data, which includes the 
PrintEngineUcense.M, SilvertMxxsk operating 
parameters, and OEM operating parameters (ali 
authenUcated via SoPEC_kl_key) 


3 


ComCo Ik^nse agreernent operat- 
ing parameter ranges, including 
PrlntEnglneUcense.ld (gets 
loaded into supervisor mode sec- 
tion of memory) 

OEM_public.key (gets toaded into 
supervisor mode section of mem- 
ory) 

Any ComCo written user-mode 
program code (gets loaded into 
mode mode section of memory) 


Is used by section 2 to verify section 4 and 
range of parameters as found in PRINTER.QA 


4 


OEM specific program code 


OEM operating parameters via calls to Silver- 
brook O/S code • 



The verification pFocedures will be required each time the CPU is woken up, since the 
RAM is ciot preserved. 



3.5.7 What If the CPU is not fast enough? 

In the example of Section 3.5,6, every time the CPU is woken up to print a document it 
needs to perform: 

• SHA-l on all program code and program data 

• 4 sets of asymmetric decryption to load the program code and data 

• 1 HMAC-SHAl generation per 51 2-biU of Silverbrook and OEM printer and ink oper- 
ating parameters 

Although the SHA-1 and HMAC process will be fast enough on the embedded CPU (the 
program code will be executing from ROM), it may be that the asymmetric decryption 
will be slow. And this becomes more likely with each extra level of authentication. If this 
is the case (as is Likely), hardware acceleration is required. 

A cheap fonn of hardware acceleration takes advantage of the fact that in most cases the 
same program is loaded each time, with the first time likely to be at power-up. The hard- 
ware acceleration is simply data storage for the authorizedDigest which means that the 
boot procedure now is: 
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•lo«C7U_bootloaderO(data, sig) 

localDigest 4- SHA-1 (data) 

Zf (localDigest = previouslyStoredAuchorizedDigest) 

jump to program code at data-start address// will never to return 
Blse 

author izedDlgest *- decrypt (sig. bootOkey) 

l£ < localDigest " authorizedDigesC) 

previouslyStorecSAuthorizedDigest <- author! zedDigest 

jump to program code at data -start address// will never to return 

Else 

// program code is unauthorized 



This procedure means d\ai a reboot of the same authorized program code will only require 
SHA-1 processing. At power-up, or if new program code is loaded (e.g. an upgrade of a 
driver over the internet), then the full authorization via asymmetric decryption takes place. 
This is because the stored digest will not match at power-up and whenever a new program 
is loaded 

The question is how much preserved space is required. 

Each digest requires 1 60 bits (20 bytes), and this is constant regardless of the asymmetric 
encryption scheme or the key length. While it is possible to reduce this number of bits, 
thereby sacrificing security, the cost is small enough to warrant keeping the full digest. 

However each level of boot loader requires its own digest to be preserved. This gives a 
maximum of 20 bytes per loader. Digests for operating parameters and ink levels may also 
be preserved in the same way. although these authentications should be fast enough not to 
require cached storage. 

Assuming SoPEC provides for 12 digests (to be generous), this is a total of 240 bytes. 
These 240 bytes cotdd easily be stored as 60 x 32-bit registers, or probably more conven- 
iently as a small amount of RAM (eg 0.25 - 1 Kbyte). Providing something like 1 Kbyte of 
RAM has the advantage of allowing the CPU to store other useful data, although this is not 

a requirement. 

In general, it is useful for the boot ROM to know whether it is being started up due to 
power-on reset or activity on the USB/ISI. In the former case, it can ignore the previously 
stored values (either 0 for registers or garbage for RAM). In the latter case, it can use the 
previously stored values. Even without this, a startup value of 0 (or garbage) means the 
digest won*t match and therefore the authentication will occur implictly. 



At power-up, the host can send targeted data to the USB-connected SoPEC, but can only 
send broadcasts to all of the slave SoPECs via the USB-connected SoPEC's ISI. 

Each slave SoPEC will verify the broadcast message received over the ISI. and if it is 
valid, will execute it. Several levels of authorization may occur. However, at some stage, 
this common program code (broadcast to all of the slave SoPECs and signed by the appro- 
priate asymmetric private key) will, among other things, set the slave SoPEC*s ISI id If 
there is only I slave, the id is given, but if there is more than 1 slave, the id must be deter- 
mined in some fashion. 



Endif 



3.6 



SoPEC ISI IDENTIFICATION 
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On a particular physical arrangement of SoPECs each slave SoPEC will have a different 
set of connections on GPIOs. For example, one SoPEC maybe in chaise of motor control, 
while another may be driving the LEDs etc. The unused GPIO pins (not necessarily the 
same on each SoPEC) can be set as inputs and then tied to 0 or 1. As long as the connec- 
tion settmgs arc mutually exclusive, program code can determine which is which, and the 
id appropriately set. 

In some multi-SoPEC systems, a given SoPEC will only be attached to a single printhead 
Gcft or nght). We can conveniently use the second printhead connection pins (temperature 
and test) to form an ISI id. ^ *^ 

This scheme of slave SoPEC identification does not introduce a security breach. If an 
attacker rewires the pinouts to confuse identification, at best it will simply cause strange 
printouts (e.g. swapping of printout data) to occur, while at worn the Print Engine will 
sunply not function. 

Note that some physical setting (e.g. pins) on each of the multiple SoPECs is required - the 
settings just need to be mutually exclusive. Although it is possible for all the SoPECs to 
come to a logical ISI id assignment (c,g, by using ethemet-like protocols), the ISI id needs 
to be very much ^physical identity scheme. This is because these SoPECs are not simply 
logical processors - we want the correct portion of the page to be printed on the correct 
physical location, motor controls will be physically connected to a specific physical 
SoPEC etc. 

3.7 Setting up QA Chip keys 

In use, each INK-QA chip needs the following keys: 

• - SupplylnkLicenseJcey 

• K| = UselnkLicenseJcey 

Each PRINTER_QA chip tied to a specific SoPEC requires the following keys: 

• Ko =» PrintEngineLicenseJcey 

• SoPEC Jd^key 

• K2 = UselnkLicenseJcey 

Note that there may be more than one Ki depending on the number of PRINTER_QA 
chips and SoPECs in a system. These keys need to be appropriately set up in the QA Chips 
before they will fimction correctly together, 

3.7.1 Original QA Chips as received by a ComCo 

When original QA Chips are shipped from QACo to a specific ComCo their keys are as 
follows: 

• Ko ^ QACo^ComCo^KeyO 

• ¥.x^QACojComCo_Keyl 

• ^i^QACojComCoJCeyl 

• QACojComCo_Key3 

All 4 keys are only known to QACo. Note that these keys are different for each QA Chip. 

3.7.2 Steps at the ComCo 

The ComCo is responsible for making Print Engines out of Memjet printheads, QA Chips, 
PECs or SoPECs, PCBs etc. r , n: f . 
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In addition, the ComCo must customize the INK.QA chips and PRJNTEICQA chip 
CD-board the print engine before shipping to the OEM. 

There are two stages: 

• replacing the keys in QA Chips with specific keys for the application (i.e. INK^QA 
and PRINTER_QA) 

• setting operating parameters as per the license with the OEM 

3.7. Zi Replacing keys 

The ComCo is issued QID hardware [4] by QACo that allows programming of the various 
keys (except for Kj) in a given QA Chip to the final values, following the standard 
ChipF/ChipP replace key (indirect version) protocol [5). The indirect version of the proto- 
col allows each QACo_ComCo^ey to be different for each SoPEC. 

In the case of programming of PRINTER^QA's K, to be SoPEC Jdjkey, there is the addi- 
tional step of transferring an asymmetrically encrypted SoPECJdJcey (by the public-key) 
along with the nonce (Rp) used in the replace key protocol to the device that is functioning 
as a ChipF. The ChipF must decrypt the SoPECJdJcey so it can generate the standard 
replace key message for PRINTER^QA (functioning as a ChipP in the ChipF/ChipP pro- 
tocol). The asymmetric key pair held in the ChipF equivalent^hould be unique to a 
ComCo (but still known only by QACo) to prevent damage in the case of a compromise. 

Note that the various keys installed in the QA Chips (both INK^QA and PR1NTER_QA) 
are only known to the QACo. The OEM only uses QIDs and QACo supplied ChipFs. The 
replace key protocol [5] allows the programming to occur without compromising the old 
or new key 

3. 7. 2- 2 Setting operating parameters 

There are two sets of operating parameters stored in PRINTER.QA and INK_QA: 

• fixed 

• upgradable 

The fixed operating parameters can be written to by means of a non-authenticated writes 
[5] to Mi+ via a QID [4], and permission bits set such that they are ReadOnly. 

The upgradable operating parameters can only be written to af^er the QA Chips have been 
programmed with the correct keys as per Section 3.7.2.1. Once they contain the correct 
keys they can be programmed with impropriate operating parameters by means of a QID 
and an appropriate ChipS (containing matching keys). 
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3 Introduction 

This document describes the SoPEC ASIC (Small office home office l>rint Engine Controller) suitable for 
use in price sensitive SoHo printer products. The SoPEC ASIC is intended to be a low cost solution for bi- 
lithic printhead control, replacing the multichip solutions in larger more professional systems with a single 
chip. The increased cost competitiveness is achieved by integrating several systenis such as a modified 
PEC I [1 1 printing pipeline. CPU control system, peripherals and memory sub-system onto one SoC ASIC, 
reducing component count and simplifying board design. 

This section will give a general introduction to Memjet printing systems, introduce the components that 
make a bi-Iithic printhead system, describe possible system architectures and show how several SoPECs 
can be used to achieve A3 and A4 duplex printing. The section "SoPEC ASIC" describes the SoC SoPEC 
ASIC, with subsections describing the CPU. DRAM and Print Engine Pipeline subsystems. Each section 
gives a detailed description of the blocks used and their operation within the overall print system. The final 
section describes the bi-lithic printhead construction and associated implications to the system due to its 
makeup. 

Some sections of this document were derived from the Print Engine Controller Hardware Design Specifi- 
cation[l) written by Silveri)rook Research. 
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4 Nomenclature 



4-1 Bi-uTHic Printheao Notation 



4.2 



A bi-lithic based printhead is constructed from 2 printhead ICs of varying sizes. The notation M:N is used 
to express the size relationship of each IC. where M specifies one printhead IC in inches and N specifies 
the remaining printhead IC in inches. 

Section 35 Memjet Printhead contains a description of the bi-lithic printhead and related terminology. 



DEFINtTIONS 

The following terms 
Bi-lithic printhead 
CPU 

ISI-Bridge chip 
ISIMaster 



ISISlave 
LEON 

LineSyncMaster 

Multi-SoPEC 

Netpage 

PECl 

Printhead IC 
PrintMaster 

QA Chip 
Storage SoPEC 
Tag 



are used throughout this specification: 

Refers to printhead constructed fi-om 2 printhead ICs 

Refers to CPU core, caching system and MMU. 

A device with a high speed interface (such as USB2.0, Ethernet or IEEEI394) and 
one or more ISr interfaces. The ISI-Bridge would be the ISIMaster for each of the 
ISI buses it interfaces to. 

The ISIMaster is the only device allowed to initiate communication on the Inter 
Sopec Interface (ISI) bus. The ISIMaster interfaces directly with the host. 

Multi-SoPEC systems will contain one or more ISISlave SoPECs connected to the 
ISI bus. ISISIaves can only respond to communication initiated by the ISIMaster. 
Refers to the LEON CPU core. 

The LineSyncMaster device generates the line synchronisation pulse that all 
SoPECs in the system must synchronise their line outputs to. 

Refers to SoPEC based print system with multiple SoPEC devices 

Refers to page printed with tags (normally in infrared ink). 

Refers to Print Engine Controller version 1, precursor to SoPEC used to control 
printheads constructed from multiple angled printhead segments. 

Single MEMS IC used to construct bi-lithic printhead 

The PrintMaster device is responsible for coordinating all aspects of the print 
operation. There may only be one PrintMaster in a system. 

Quality Assurance Chip 

An ISISlave SoPEC used as a DRAM store and which does not print. 

Refers to pattern which encodes informadon about its position and orientation which 
allow it to be optically located and its data contents read. 



4.3 



Acronym and Abbreviations 

The following acronyms and abbreviations are used in this specification 
CPU Contone FIFO Unit 

CPU Central Processing Unit 

DIU DRAM Interface Unit 
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DNC 




DRAM 


Dvn&mic Random Acee^ Memnrv 


DWU 


DotLine Writer Unit 


GPIO 


GencTSil Purpose Input Output 


HCU 


Kfllftniif^r ^Amrv^cifnr I Init 

XKUlLllIlVl V^Ul.Li|JU&ll VI Willi 


ICU 


IntdTunt! f^ntTAllfir T Tnit 


ISI 


Inter SoPEC Interface 


LDB 


Lossless Ri.lpvel T^cnrfpr 


LLU 


Line Loader Unit 


LSS 


LAjw opeea dcnoi iniciTaCC 


MEMS 


nMt^^f\ I^IA^^V/X X^a/«t« Carav^AvM 

iviicro CrieciTo iviccnsiucal oysicin 


MMU 


Memory Mdn3.genient Unit 


PCU 


ov/K^CrVr controller v^nii 


PHT 


f nnuieau inieriEce 




Power Save Storage Unit 


pni I 


Real -time Debug Unit 


KKJM, 


Read Only Memory 


SCB 


Serial Communication Block 


SFU 


Spot FIFO Unit 


SMG4 


Silvcrbrook Modified Group 4. 


SoPEC 


Small office home office Print Engine Controller 


SRAM 


Static Random Access Memory 


TE 


Tag Encoder 


TFU 


Tag FIFO Unit 


TIM 


Timers Unit 


USB 


Universal Serial Bus 



4.4 Pseudocode notation 

In general the pseudocode examples use C like statements with some exceptions. 

Symbol and naming convections used for pseudocode. 

// Comment 

- Assignment 

Operator equal, not equal, less than, greater than 
Operator addition, subtraction, multiply, divide, modulus 

&,|,^«,» - Bitwise AND, bitwise OR. bitwise exclusive OR, left shift, right shift, complement . 

AND,OR,NOT Logical AND, Logical OR, Logical inversion 

[XX:YY] Array/vector specifier 
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{a> c} Concatenation operation 

++, ~ Increment and decrement 

4.4.1 Register and signal naming conventions 

In general register naming uses the C style conventions with capitalization to denote word delimiters. Sig- 
nals xisc RTL style notation where underscore denote word delimiters. There is a direct translation between 
both convention. For example the CmdSourceFifo register is equivalent to cmdjsource Jifo signal. 

4.5 State machine notation 

State machines should be described using the pseudocode notation outlined above. State machine descrip- 
tions use the convention of mskllillfi to indicate the cause of a transition from one state to another and 
plain text (no underline) to indicate the effect of the transition i.e. signal transitions which occur when the 
new state is entered 

A sample state machine is shown in Figure 1 . 

reset «»Q|prst n«.0 
cdu.dJu.rreq - o 
ignore^data s 0 



cdu_dlu_n»q = 1 Q Reset ^ 



odu_diu.rreq « 1 
lonore_data » 0 



-»(^ Idle ^ 



done ^and O 
cdu.dlu_rreq «> 0 
tgnora.data = 0 



Figure 1. Example State machine notation 
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5 Printing Considerations 

A bi-lithic printhead produces 1600 dpi bi-Ievel dots. On low-diffusion paper, each ejected drop forms a 
22. S^m diameter dot. Dots are easily produced in isolation, allowing dispersed-dot dithering to be 
exploited to its fullest. Since the bi-lithic printhead is the width of the page and operates with a constant 
paper velocity, color planes are printed in perfect registration, allowing ideal dot-on-dot printing. I>ot-on- 
dot printing minimizes 'muddying' of midtones caused by inter-color bleed. 

A page layout may contain a mixture of images, graphics and text. Continuous-tone (contone) images and 
graphics are reproduced using a stochastic dispersed-dot dither. Unlike a clustered-dot (or amplitude-mod- 
ulated) dither, a dispersed-dot (or frequency-n).odulated) dither reproduces high spatial frequencies (i.e. 
image detail) almost to the limits of the dot resolution, while simultaneously reproducing lower spatial fre- 
quencies to their full color depth, when spatially integrated by the eye. A stochastic dither matrix is care- 
fully designed to be free of objectionable low-frequency patterns when tiled across the image. As such its 
size typically exceeds the minimum size required to support a particidar number of intensity levels (c.g. 
1 6x1 6x 8 bits for 257 intensity levels). 

Human contrast sensitivity peaks at a spatial frequency of about 3 cycles per degree of visual field and 
then falls off logarithmically, decreasing by a factor of 100 beyond about 40 cycles per degree and becom- 
ing immeasurable beyond 60 cycles per degree [21] [22]. At a normal viewing distance of 12 inches (about 
300mm), this translates roughly to 200-300 cycles per inch (cpi) on the printed page, or 400-600 samples 
per inch according to Nyquist's theorem. 

In practice, contone resolution above about 300 ppi is of limited utility outside special applications such as 
medical imaging. Offset printing of magazines, for example, uses contone resolutions in the range 150 to 
300 ppi. Higher resolutions contribute slightly to color enror through the dither. 

Black text and graphics are reproduced directly using bi-level black dots, and are therefore not anti-aliased 
(i.e. low-pass filtered) before being printed. Text should therefore be supersampled beyond the perceptual 
limits discussed above, to produce smoother edges when spatially integrated by the eye. Text resolution up 
to about 1200 dpi continues to contribute to perceived text shaipness (assuming low-diffusion paper, of 
course). 

A Netpage printer, for example, may use a contone resolution of 267 ppi (i.e. 1600 dpi / 6), and a black 
text and graphics resolution of 800 dpi. A high end office or departmental printer may use a contone reso- 
lution of 320 ppi (1600 dpi / 5) and a black text and graphics resolution of 1600 dpi. Both formats are 
enable of exceeding the quality of commercial (offset) printing and photogrE^shic reproduction. 
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6 Document Data Flow 



6.1 Considerations 

Because of the page-width nature of the bi-lithic printhead, each page must be printed at a constant speed 
to avoid creating visible artifacts. This means that the printing speed can't be varied to match the input 
data rate. Document rasterization and document printing are therefore decoupled to ensure the printhead 
has a constant supply of data. A page is never printed until it is fully rasterized. This can be achieved by 
storing a compressed version of each rasterized page image in memory. 

This decoi^ling also allows the RIP(s) to run ahead of the printer when rasterizing simple pages, buying 
time to rasterize more complex pages. 

Because contone color images arc reproduced by stochastic dithering, but black text and line gn^hics are 
reproduced directly using dots, the con^^ressed page image format contains a separate foreground bi-Ievcl 
black layer and background contone color layer. The black layer is composited over the contone layer after 
the contone layer is dithered (although the contone layer has an optional black component). A final layer 
of Netpage tags (in infrared or black ink) is optionally added to the page for printout 

Figure 2 shows the flow of a document from computer system to printed page. 



page layouts 1 
and objects * 





Figure 2. Document data flow 
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At 267 ppi for example, a A4 page (8.26 inches x 1 1.7 inches) of contone CMYK data has a sire of 
26.3MB- At 320 ppi, an A4 page of contone data has a size of 37.8MB. Using lossy contone compression 
algorithms such as JPEG (23 J, contone images compress with a ratio up to 10:1 without noticeable loss of 
quality, giving compressed page sizes of 2.63MB at 267 ppi and 3.78 MB at 320 ppi. 

At 800 dpi, a A4 page of bi-level data has a size of 7.4MB. At 1600 dpi, a Letter page of bi-Ievel data has 
a size of 29.5 MB. Coherent data such as text compresses very well. Using lossless bi-levcl compression 
I algorithms such as SMG4 fax as discussed in Section 8.1.2.3,1. ten-point plain text compresses with a 

ratio of about 50: 1 . Lossless bi-levcl compression across an average page is about 20: 1 with 1 0: 1 possible 
for pages which compress poorly. The requirement for SoPEC is to be able to print text at 10:1 compres- 
sion. Assuming 10:1 compression gives compressed page sizes of 0.74 MB at 800 dpi, and 2.95 MB at 
1600 dpi. 

Once dithered, a page of CMYK contone image data consists of 1 16MB of bi-level data. Using lossless bi- 
level compression algorithms on this data is pointless precisely because the optimal dither is stochastic - 
i.e. since it introduces haxd-to-compress disorder. 

Netpage tag data is optionally supplied with the page image. Rather than storing a compressed bi-level 
data layer for the Netpage tags, the tag data is stored in its raw form. Each tag is supplied up to 120 bits of 
raw variable data (combined with up to 56 bits of raw fixed data) and covers up to a 6mm x 6mm area (at 
1600 dpi). The absolute maximum number of tags on a A4 page is 15,540 when the tag is only 2mm x 
2mm (each tag is 126 dots x 126 dots, for a total coverage of 148 tags x 105 tags). 15,540 tags of 128 bits 
per tag gives a compressed tag page size of 0.24 MB. 

The multi-layer compressed page image format therefore exploits the relative strengths of lossy JPEG con- 
tone image compression, lossless bi-level text compression, and tag encoding. The format is compact 
enough to be storage-efficient, and simple enough to allow straightforward real-time expansion during 
printing. 

Since text and images normally don't overlap, the normal worst-case page image size is image only, while 
the normal best-case page image size is text only. The addition of worst case Netpage tags adds 0.24MB to 
the page image size. The worst-case page image size is text over image plus tags. The average page size 
assumes a quarter of an average page contains images. Table 1 shows data sizes for compressed Letter 
page for these different options. 



Table 1 . Data sizes for A4 page (6.26 Inches x 11.7 Inches) 



tn mill ¥ 'v^^m^^M 






Image only (contone), 10:1 compression 


2.63 MB 


3.78 MB 


Text only (bi-level). 10:1 compression 


0.74 MB 


2.95 MB 


Netpage tags. 1600 dpi 


0.24 MB 


0.24 MB 


Worst case (text image + lags) 


3.61 MB 


6.67 MB 


Average (text + 25% image -f^ tags) 


1.64 MB 


4.25 MB 



6.2 Document Data Flow 

The Host PC rasterizes and compresses the incoming document on a page by page basis. The page is 
restructured into bands with one or more bands used to construct a page. The compressed data is then 
transferred to the SoPEC device via the USB link. A complete band is stored in SoPEC embedded mem- 
ory. Once the band transfer is complete the SoPEC device reads the compressed data, expands the band, 
normalizes contone, bi-Icvel and tag data to 1600 dpi and transfers the resultant calculated dots to the bi- 
ll thic printhead. 

The document data flow is 
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• The RIP software rasterizes each page description and compress the rasterized page image. 

• The infrared layer of the printed page optionally contains encoded Netpage [5] tags at a programmable 
density. 

• The compressed page image is transferred to the SoPEC device via the USB normally on a band by 
band basis. 

• The print engine takes the compressed page image and starts the page expansion. 

• The first stage page expansion consists of 3 operations performed in parallel 

• expansion of the JPEG-compressed contone layer 

• expansion of the SMG4 fax compressed bi-level layer 

• encoding and rendering of the bi-level tag data. 

• The second stage dithers the contone layer using a programmable didier matrix, producing up to four 
bi-level layers at full-resolution. 

• The second stage then composites the bi-level tag data layer, the bi-level SMG4 fax de-compressed 
layer and up to four bi-level JPEG de-compressed layers into the full-resolution page image. 

• A fbcative layer is also generated as required. 

• The last stage formats and prints the bi-level data through the bi-lithic printhead via the printhead inter- 
face. 

The SoPEC device can print a full resolution page with 6 color planes. Each of the color planes can be 
generated from compressed data through any channel (either JPEG compressed, bi-level SMG4 fax com- 
pressed, tag data generated, or fixative channel created) with a maximum number of 6 data channels from 
page RIP fo bi-lithic printhead color planes. 

The mapping of data channels to color planes is programmable, this allows for multiple color planes in the 
printhead to map to the same data channel to provide for redundancy in the printhead to assist dead nozzle 
compensatioiL 

Also a data channel could be used to gate data from another data channel. For example in stencil mode, 
data from the bilevel data channel at 1600 dpi can be used to filter the contone data channel at 320 dpi, giv- 
ing the effect of 1 600 dpi contone image. 

6.3 Page considerations due to SoPEC 

The SoPEC device typically stores a complete page of document data on chip. The amount of storage 
available for compressed pages is limited to 2Mbytes, imposing a fixed maximum on compressed page 
size. A comparison of the compressed image sizes in Table 1 indicates that SoPEC would not be capable 
of printing worst case pages unless they are split into bands and printing commences before all the bands 
for the page have been downloaded The page sizes in the table are shown for comparison purposes and 
would be considered reasonable for a professional level printing system. The SoPEC device is aimed at the 
consumer level and would not be required to print pages of that complexity. Target document types for the 
SoPEC device are shown Table 2. 

Table 2. Page content targets for SoPEC 





11 






eesl case picture Image, 267ppi with 3 oolora, A4 size 


8.26x1 1 .7x267x267x3 © 1 0:1 


1.97 


Full page text. 800dpi A4 size 


8.26x11.7x800x800 O 10:1 


0.74 
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Table 2. Page content targets for SoPEC 




Mixed Graphics and Text 
- Image of 6 Inches x 4 inches d 267 ppi and 3 colors 
' Remaining area text -73 inches^, 800 dpi 



6x4x267x267x3 6 5:1 
800x800x73 e 10:1 



1.55 



Best Case Photo, 3 Cotofe, 6.6 MegaPtxej Image 



6.6 Mpixel e 10:1 



2.00 



If a document with more complex pages is required, the page RIP software in the host PC can detennine 
that there is insufficient memory storage in the SoPEC for that document In such cases the RIP software 
can take two courses of action. It can increase the compression ratio until the compressed page size will fit 
in the SoPEC device, at the expense of document quality, or divide the page into bands and allow SoPEC 
to begin printing a page band before all bands for that page are downloaded. Once SoPEC starts printing a 
page it cannot stop, if SoPEC consumes compressed data faster than tiie bands can be downloaded a buffer 
underrun error could occur causing the print to fail. A buffer underrun occurs if line synchronisation pulse 
is received before a line of data has been transferred to the printhead 

Other options which can be considered if the page does not fit completely into the compressed page store 
arc to slow the printing or to use multiple SoPECs to print parts of the page. A Storage SoPEC (Section 
7.2,5) could be added to the system to provide guaranteed bandwidth data deliveiy. The print system could 
also be constructed using an ISI-Bridge chip (Section 7.2.6) to provide guaranteed data delivery. 
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7 Memjet Printer Architecture 

The SoPEC device can be used in several printer configurations and architectures. 

In the general sense every SoPEC based printer architecture will contain: 

• One or more SoPEC devices. 

• One or more bi-lithic printheads. 

• Two or more LSS busses. 

• Two or more QA chips. 

• USB 1 . 1 connection to host or IS! connection to Bridge Chip. 

• ISI bus connection between SoPECs (when multiple SoPECs are used). 

Some example printer configurations as outlined in Section 7.2. The various system components are out- 
lined briefly in Section 7.1. 

7.1 System Components 

SoPEC Print Engine Controlfer 

The SoPEC device contains several system on a chip (SoC) components, as well as the print engine pipe- 
line control q)plication specific logic. 

7. f . 1. 1 Print Engine Pfpellne (PEP) Logic 

The PEP reads compressed page store data from the embedded memory, optionally decompresses the data 
and formats it for sending to the printhcad. The print engine pipeline functionality includes expanding the 
page image, dithering the contone layer, compositing the black layer over the contone layer, rendering of 
Netpage tags, compensation for dead nozzles in the printhead, and sending the resultant image to the bi- 
lithic printhead. 

7. 1. i. 2 Embedded CPU 

SoPEC contains an embedded CPU for general purpose system configuration and management. The CPU 
performs page and band header processing, motor control and sensor monitoring (via the GPIO) and other 
system control functions. The CPU can perform buffer management or report buflfer status to the host. The 
CPU can optionally run vendor application specific code for general print control such as paper ready 
monitoring and LED status update. 

7. 1. 1. 3 Embedded Memory Buffer 

A 2.5Mbyte embedded memoiy buffer is integrated onto the SoPEC device, of which ^proximately 
2Mbytes are available for compressed page store data. A compressed page is divided into one or more 
bands, with a number of bands stored in memory. As a band of the page is consumed by the PEP for print- 
mg a new band can be downloaded. The new band may be for the current page or the next page. 
Using banding it is possible to begin printing a page before the complete compressed page is downloaded, 
but care must be taken to ensure that data is always available for printing or a buffer undemui may occur. 

An Storage SoPEC acting as a memory buffer (Section 7.2.5) or an ISI-Bridge chip with attached DRAM 
(Section 7.2.6) could be used to provide guaranteed data delivery. 
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7. 1. 1.4 Embedded USB 1. 1 Device 

I The embedded USB l.l device accepts compressed page data and control commands from the host PC, 

and facilitates the data transfer to either embedded memory or to another SoPEC device in multi-SoPEC 
systems. 



7A.2 Bi-lithic Printhead 

The printhead is constructed by abutting 2 printhead ICs together. The printhead ICs can vary in size from 
2 inches to 8 inches, so to produce an A4 printhead several combinations are possible. For example two 
printhead ICs of 7 inches and 3 inches could be used to create a A4 printhead (the notation is 7:3). Simi- 
larly 6 and 4 combination (6:4), or 5:5 combination. For an A3 printhead it can be constructed from 8:6 or 
an 7:7 printhead IC combination. For photographic printing smaller printheads can be constructed. 

7.1.3 LSS interface bus 

Each SoPEC device has 2 LSS system buses for communication with QA devices for system authentica- 
tion and ink usage accounting. The number of Q A devices per bus and their position in the system is unre- 
stricted with the exception that PRINTER jQA and FNKjQA devices should be on separate LSS busses. 



7.1.4 QA devices 

Each SoPEC system can have several QA devices. Normally each printing SoPEC will have an associated 
PRINTER^QA, Ink cartridges will contain an INKjQA chip. PRINTER_QA and INKjQA devices should 
be on separate LSS busses. All QA chips in the system are physically identical with flash memory contents 
defining PRINTER,^ from INKjQA chip. 



7.1.5 ISI interface 

The Inter-SoPEC Interface (ISI) provides a communication channel between SoPECs in a multi-SoPEC 
system. The ISIMaster can be SoPEC device or an ISI-Bridge chip depending on the printer configuration. 
I Both compressed data and control commands are transferred via tfie interface. 

7.1.6 ISI-Bridge Chip 

A device, other than a SoPEC with a USB connection, which provides print daU to a number of slave 
SoPECs. A bridge chip will typicaUy have a high bandwidth connection, such as USB2.0, Ethernet or 
IEEE1394, to a host and may have an attached external DRAM for compressed page storage. A bridge 
chip would have one or more ISI interfaces. The use of multiple ISI buses would allow the construction of 
independent print systems within the one printer. The ISI-Bridge would be the ISIMaster for each of the 
ISI buses it interfaces to. 



7.2 Possible SoPEC Systems 

Several possible SoPEC based system architectures exist. The following sections outline some possible 
architectures. It is possible to have extra SoPEC devices in the system used for DRAM storage. The QA 
chip configurations shown are indicative of the flexibility of LSS bus architecture, but not limited to those 
configurations. 
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7.2.1 A4 Simplex with 1 SoPEC device 



USB from Host 




high speed 
low speed 



Figure 3. Single SoPEC A4 Simplex system 

In Figure 3, a single SoPEC device can be used to control two pfinthead ICs. The SoPEC receives com- 
pressed data through the USB device from the host. The compressed data is processed and transferred to 
the printhead. 



7.2.2 A4 Duplex with 2 SoPEC devices 



USB from Host 




highspeed 
low speed 



Figure 4. Dual SoPEC A4 Duplex system 

In Figure 4, two SoPEC devices are used to control two bi-lithic printheads. each with two printhead ICs. 
Each bi-Iithic printhead prints to opposite sides of the same page to achieve duplex printing. The SoPEC 
connected to the USB is the ISIMaster SoPEC. the remaining SoPEC is an ISISlave. The ISIMaster 
receives all the compressed page data for both SoPECs and re-distributes the compressed data over the 
Intcr-SoPEC Interface QSl) bus. 
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It may not be possible to print an A4 page every 2 seconds in this configuration since the USB 1 . 1 connec- 
tion to the host may not have enough bandwidth. An alternative would be for each SoPEC to have its own 
USB 1.1 connection. This would allow a faster average print speed. 



7.2.3 A3 Simplex with 2 SoPEC devices 



— — — — — — — 
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Figure 5. Dual SoPEC A3 simplex system 



In Figure 5, two SoPEC devices are used to control one A3 bi-lithic printhead Each SoPEC controls only 
one printhead IC (the remaining PHI port typically remains idle). The USB 1.1 connection defines the ISI- 
Master SoPEC. In this dual SoPEC configuration the compressed page store data is split across 2 SoPECs 
giving a total of 4Mbyte page store, this allows the system to use compression rates as in an A4 architec- 
ture, but with the increased page size of A3. The ISIMaster receives all the compressed page data for all 
SoPECs and re-distributes the compressed data over the Inter-SoPEC Interface (ISI) bus. 

It may not be possible to print an A3 page every 2 seconds in this configuration since the USB 1 . 1 connec- 
tion to the host will only have enough bandwidth to supply 2Mbytes every 2 seconds. Pages which require 
more than 2MBytes every 2 seconds will therefore print slower. An alternative would be for each SoPEC 
to have its own USB 1 . 1 connection. This would allow a faster average print speed. 
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In Figure 6 a 4 SoPEC system is shown. It contains 2 A3 bi-lithic printheads, one for each side of an A3 
page. Each printhead contain 2 printhead ICs. each printhead IC is controlled by an independent SoPEC 
device, with the remaining PHI port typically unused. Again the USB 1. 1 connection defines the ISIMaster 
with the other SoPECs as ISISIaves. In total, the system contains SNfbytes of compressed page store 
(2Mbytes per SoPEC), so the increased page size docs not degrade the system print quality, from that of an 
A4 sim{)lex printer. The ISIMaster receives all the compressed page data for all SoPECs and re-distributes 
the compressed data over the Inter-SoPEC Interface (ISI) bus. 

It may not be possible to print an A3 page every 2 seconds in this configuration since the USB 1 , 1 connec- 
tion to the host will only have enough bandwidth to supply 2Mbytes every 2 seconds. Pages which require 
more than 2MBytes every 2 seconds will therefore print slower. An alternative would be for each SoPEC 
or set of SoPECS on the same side of the page to have their own USB 1.1 connection. This would allow a 
faster average print speed. 
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SI 



7.2.5 SoPEC DRAM storage solution: A4 Simplex with 1 printing SoPEC and 1 memory SoPEC 
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Figure 7. SoPEC A4 Simplex system with extra SoPEC used as ORAM storage 



^ highspeed 
low speed 



Extra SoPECs can be used for DRAM storage e.g. in Figure 7 an A4 simplex printer can be built with a 
single extra SoPEC used for DRAM storage. The DRAM SoPEC can provide guaranteed bandwidth deliv- 
ery of data to the printing SoPEC. SoPEC configurations can have multiple extra SoPECs used for DRAM 
storage. 
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7.2.6 ISI-Bridge chip solution: A3 Dupiex system with 4 SoPEC devices 



htghsp«ed 
"^-^ lowspMd 




Figure 8. A3 dupiex system featuring four printing SoPECs 



In Figure 8, an ISI-Bridge chip provides slave-only ISI connections to SoPEC devices. Figure 8 shows a 
ISI-Bridge chip with 2 separate ISI ports. The ISI-Bridge chip is the ISIMaster on each of the ISI busses it 
is connected to. All connected SoPECs are ISISlaves. The ISI-Bridge chip will typically have a high band- 
width connection to a host and may have an attached external DRAM for compressed page storage. 

An alternative to having a ISI-Bridge chip would be for each SoPEC or each set of SoPECs on the same 
side of a page to have their own USB 1.1 connection. This would allow a faster average print speed. 
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8 Page Format and Printflow 



When rendering a page, the RIP produces a page header and a number of bands (a non-blank page requires 
at least one band) for a page. The page header contains high level rendering parameters, and each band 
contains compressed page data. The size of the band will depend on the memory available to the RIP. the 
speed of the RIP, and the amount of memory remaining in SoPEC while printing the previous band(s). Fig- 
ure 9 shows the higji level data structure of a number of pages with different numbers of bands in the page. 



blank page 



stngre band page 



2 band page 



muttI band page 



page header 



page header 



page header 



band \ 



page header 



bandl 



bandn 



Figure 9. Pages containing different numbers of bands 

Each compressed band contains a mandatory band header, an optional bi-!evel plane, optional sets of inter- 
leaved contone planes, and an optional tag data plane (for Netpage enabled ^plications). Since each of 
these planes is optional^ the band header specifics which planes are included with the band. Figure 10 
gives a high-level breakdown of the contents of a page band. 



band n 



band. header 



bnlevel plane 



oontone plane 



tag data ptene 



Figure 10. Contents of a page band 

A single SoPEC has maximum rendering restrictions as follows: 

• 1 bi-levcl plane 

• 1 contone interleaved plane set containing a maximum of 4 contone planes 

• 1 tag data plane 

• a bi-lithic printhead with a maximum of 2 printhead ICs 
The requirement for single-sided A4 single SoPEC printing is 

• average contone JPEG compression ratio of 10: 1 , with a local minimum compression ratio of 5: 1 for a 
single line of interleaved JPEG blocks. 



1 . Although a band must contain at least one plane 
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• average bi-level compression ratio of 10: 1 , with a local minimum compression ratio of 1 :1 for a single 
line. 

If the page contains rendering parameters that exceed these specifications, then the RIP or die Host PC 
must split the page into a format that can be handled by a single SoPEC. 

In the general case, the SoPEC CPU must analyze the page and band headers and generate an appropriate 
set of register write commands to configure the units in SoPEC for that page. The various bands are passed 
to the destination SoPEC(s) to locations in DRAM determined by the host. 

The host keeps a memory map for the DRAM, and ensures that as a band is passed to a SoPEC, it is stored 
in a suitable free area in DRAM. Each SoPEC is connected to the ISI bus or USB bus via its Serial com- 
munication Block (SCB). The SoPEC CPU configures ths SCB to allow compressed data bands to pass 
from the USB or ISI through the SCB to SoPEC DRAM. Figure 1 1 shows an example data flow for a page 
destined to be printed by a single SoPEC. Band usage information is generated by the individual SoPECs 
and passed back to the host. 
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Figure 11. Page data path from host to SoPEC 



CPU 



SoPEC has an addressing mechanism that permits circular band memory allocation, thus facilitating easy 
memory management. However it is not strictly necessary that all bands be stored together. As long as the 
appropriate registers in SoPEC are set up for each band, and a given band is contiguous^ the memory can 
be allocated in any way. 



I . Contiguous allocation also includes wrapping around in SoPEC's band store memory. 
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8.1 Print engine example page format 

This section describes a possible format of compressed pages expected by tbe embedded CPU in SoPEC. 
The format is generated by software in the host PC and interpreted by embedded software in SoPEC. This 
section indicates the type of information in a page format stmcture, bxsi implementations need not be lim- 
ited to this format The host PC can optionally perform the majority of the header processing. 

The compressed format and the print engines are designed to allow real-time page expansion during print* 
ing, to ensure that printing is never interrupted in the middle of a page due to data undenrun. 

The page format described here is for a single black bi-level layer, a contone layer, and a Netpage tag 
layer. The black bi-level layer is defined to composite over the contone layer. 

The black bi-level layer consists of a bitmap containing a 1-bit opacity for each pixel. This black layer 
matte has a resolution which is an integer or non-integer factor of the printer^s dot resolution. The highest 
supported resolution is 1600 dpi, i.e. the printer's full dot resolution. 

The contone layer, optionally passed in as YCiCb, consists of a 24-bit CMY or 32-bit CMYK color for 
each pixel. This contone image has a resolution which is an integer or non-integer &ctor of the printer*s 
dot resolution. The requirement for a single SoPEC is to support 1 side per 2 seconds A4/Letter printing at 
a resolution of 267 ppi, i.e. one-sixth the printer's dot resolution. 

Non-integer scaling can be performed on both the contone and bi-Ievel images. Only integer scaling can be 
performed on the tag data. 

The black bi-level layer and the contone layer are both in compressed form for efficient storage in the 
printer's internal memory. 

8.1.1 Page structure 

A single SoPEC is able to print with full edge bleed for Letter and A3 via different stitch part combina- 
tions of the bi-lithic printhead. It imposes no margins and so has a printable page area which corresponds 
to the size of its paper. The target page size is constrained by the printable page area, less the explicit (tar- 
get) lefl and top margins specified in the page description. These relationships are illustrated below. 



target top margin 



target bottom margin 



- target page 

- printabla page area 
(pttf^cal page) 



Figure 12. Page structure 
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8.1-2 Compressed page format 

Apart from being implicitly defined in relation to the printable page area, each page description is com- 
plete and self-contained. There is no data stored separately from the page description to which the page 
description refers. The page description consists of a page header which describes the size and resolution 
of the page, followed by one or more page bands which describe the actual page content 

8. 1.2. 1 Page header 

Table 3 shows an example format of a page header. 



Table 3. Page header format 







signature 


1 6-bit integer 


Page header format signature. 


version 


164)it integer 


Puno haarioy Inwwnst^ uAn&Inn niimKar 
■^oy V 1 ivaaoi iw'iiiAi vQaoivn numvBr* 


Gtnicture size 


16-bit integer 


Size of page header. 


band count 


164)it integer 


Number of bands specified for this page. 


target resolution (dpi) 


16-Ut Integer 


Resolution of target page. This is always 1600 tor the Memjet 
printer. 


target page width 


I6^it integer 


Width of target page, in dots. 


target page height 


32-bit Integer 


(Height of target page, in dots. 


target (eft margin for black and 
contone 


l&bit Integer 


Wktth of target left margin, in dots, for black and contone. 


target top margin for blade and 
contone 


16-bit Integer 


Height of target top margin, in dots, for black and contone. 


target right margin for black and 
contone 


16-bit integer 


Wkfth of target right margin, in dots, for black and contone. 


target bottom maigin tor black 
and contone 


16-bit integer 


Height of target txittom margin, in dots, for black and contone. 


target (eft margin for tags 


16-bit integer 


WWth of target left margin, in dots, for tags. 


target top margin for tags 


16-bit integer 


Height of target top ma/gin. In dots, for tags. 


target right margin for tegs 


16-bit integer 


Width of target right margin, in dots, far tags. 


target bottom margin for tags 


1 6-bit integer 


Height of target tx>ttom margin, in dots, for lags. 


generate tags 


16-bft integer 


Specifies whether to generate tags for this page <0 - no, 1 • 
yes). 


fixed tag data 


12d-b[t integer 


This is only valid if generate tags is set 


tag vertical scale factor 


16-bft integer 


Scale factor In vertical direction from tag data resolution to tar- 
get resolutton. Valid range s 1-51 1. Integer scaling only 


tag horizontal scale factor 


16-blt integer 


Scale factor in horizontal direction from tag data resolution to 
target resdutton. ValkJ range = 1-511. Integer scaling only. 


bi-tevel layer vertical scale factor 


16-bit integer 


Scale factor in vertical direction from bi-level resolution to tar- 
get resolution (must be 1 or greater). May be non-integer. 
Expressed as a fraction witti upper 8-bits the numerator and 
the tower 8 bits the denominator. 



. SoPEC relics on dither matrices and tag stmcturcs to have already been set up, but these arc not considered to be part of a general page 
format. It is trivial to extend the page format to aJlow exact specification of dither matrices and tag structures. 
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Table 3. Page header fonnat 









bHevel layer horizontal scale fee- 
tor 


16-bit integer 


Scale lactor in horizontal direction from bi-level resolution to 
target resolution (must be 1 or greater). May be non-integer. 
Expressed as a fraction with upper 6-bits the numerator and 
the lower 8 bits the denominator. 


bMevel layer page width 


16-Wt integer 


Width of bi-levet layer page, In pixels. 


bMevel layer page height 


32*bit integer 


Height of bHevet layer page, in pixels. 


oontone flags 


.16 bit integer 


Defines the color conversion that is required for the JPEQ 
data. 

Bits 2-0 specify how many oontone planes there are (e.o. 3 for 
CMY and 4 tor CMYK). 

BH 3 specifies whether the first 3 color planes need to be con- 
verted badi from YCfCb to CMY, Onfy valid If b2-0 s 3 or 4. 

0 • no conversion, leave JPEG cotors alone 

1 - color convert 

Bits 7-4 specifies whether the YCrCb was genemted <firectly 
from CMY, or whether It was converted to RGB first via the 
step: R = 255-C, G = 255-M, B = 255-Y. Each of the color 
planes can be individually inverted. 
Bit 4: 

0 - do not invert color plane 0 

1 • Invert color plane 0 

Bit 5: 

0 - fin nfxf in\fArf r^nlnr ntanA 1 
w inji iiiwil \MnJt |Jlan6 1 

1 - Invert color plane 1 
Bit 6: 

0 - do not invert color plane 2 

1 • Invert color plane 2 
Bit 7: 

0 • do not invert color plane 3 

1 - invert color plane 3 

Bit 8 specifies whether the contone data is JPEG compressed 
or non-compressed: 

0 - JPEG compressed 

1 - non ■compressed 

The remaining bits are reserved (0). 


contone vertical scale ^ctor 


16-bit Integer 


Scale factor in vertical direction from contone channel resolu- 
tion to target resolution. Valid range = 1 -255. May be non-inte- 
ger. 

Expressed as a fraction with upper 8-bits the numerator and 
the lower 8 bits the denominator. 






contone horizontal scale factor 


16-blt integer 


Scale factor in horizontal direction from contone channel reso- 
lution to target resolution. Valid range = 1-255. May be non- 
integer. 

Expressed as a fraction with upper 8-bits the numerator and 
the lower 6 bits the denominator. 


oontone page width 


16-bit integer 


Width of contone page. In oontone pixels. 


contone page height 


32-bit Integer 


Height of contone page. In contone pixels. 


reserved 


up to 1 28 
txytes 


Reserved and 0 pads out page header to multiple of 128 
bytes. 



The page header contains a signature and version which allow the CPU to identify the page header fonnat 
If the signature and/or version arc missing or incompatible with the CPU, then the CPU can reject the 
page. 
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The contone flags define how many contone layers are present, which typically is used for defining 
whether the contone layer is CMY or CMYK. Additionally, if the color planes are CMY. they can be 
optionally stored as YCrCb, and further optionally color space converted from CMY directly or via RGB. 
Finally the contone data is specified as being either JPEG compressed or non-compressed. 

The page header defines the resolution and size of the target page. The bi-level and contone layers are 
clipped to the target page if necessary. This happens whenever the bi-levcl or contone scale fectors are not 
factors of the target page width or height. 

The target left, top, right and bottom margins define the positioning of the target page within the printable 
page area. 

The tag parameters specify whether or not Netpagc tags should be produced for this page and what orien- 
tation the Ugs should be produced at (landscape or portrait mode). The fixed tag data is also provided. 
The contone, bi-level and tag layer parameters define the page size and the scale factors. 

a. f . 2.2 Band format 

Table 4 shows the format of the page band header. 

Table 4. Band header format 









signature . 


16-bit integer 


Page band header format signature. 


version 


i€4>it integer 


Page band header format version number. 


stnicture size 


l6-t>rt integer 


Size of page band header. 


bt-4evel layer band height 


16-bit integer 


Height qf t>i-1evei layer band. In black pixels. 


bi-level layer band data size 


32-bit Integer 


Size of bl-ievei layer band data, in bytes. 


contone band height 


16-bit integer 


Height of contone band. In contone pixels. 


contone band data size 


32-bit integer 


Size of contone piane band data, in bytes. 


tag band height 


16-bit integer 


Height of tag fc>and. In dots. 


tag band data size 


32-bit integer 


Size of unenooded tag data band, in bytes. 
Can be 0 which indicates that no tag data is 
provided. 


reserved 


up to 128 
bytes 


Reserved and 0 pads out band header to 
nuittiple of 128 bytes. 



The bi-level layer parameters define the height of the black band, and the size of its compressed band data. 
The variable-size black data follows the page band header. 

The contone layer parameters define the height of the contone band, and the size of its compressed page 
data. The variable-size contone data follows the black data. 

The tag band data is the set of variable tag data half-lines as required by the tag encoder The format of the 
tag data is found in Section 26.5.2. The tag band data follows the contone data. 

Table 5 shows the format of the variable-size compressed band data which follows the page band header. 
Table 5. Page l>and data format 









black data 


Modified G4 facsimile bitstream^ 


Compressed bi-level layer. 


contone data 


JPEG bytestream 


Compressed contone datalayer. 


tag data map 


Tag data array 


Tag data format See Section 26.5.2. 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 30 



SoPEC : Hardware Design 



J3 



i. See Goctlon 8.1 .2.3 on page 31 for note regarding the use of this standard 

The start of each variable-size segment of band data should be aligned to a 256-bit DRAM word boundary. 

The following sections describe the format of the compressed bi-level layers and the compressed contone 
layer, section 26.5.1 on page 365 describes the format of the tag data structures. 



8. f .2.3 BNevei data compression 



The (typically 1600 dpi) black bi-levcl layer is losslessly compressed using Silvcrbrook Modified Group 4 
(SMG4) compression which is a version of Group 4 Facsimile compression [18] without Huffaian and 
with simplified run length encodings. IVpically compression ratios exceed 10:1. The encoding are listed in 
Table 6 and Table 7 

Table 6. Bl-Level group 4 facsimile style compression encodings 



m 






s 
1 


1000 


Pass Command: aO 4- b2, skip next two edges 


1 


Vertica!(0): aO ^ b1 , color » Icolor 


-I 


110 


Verticat(l): aO <- b1 -f 1, color = Icolor 


010 


Verlical(-I): aO <- b1 - 1 , color «= Icolor 


li 


110000 


Vertjcal(2): aO 4- b1 4- 2. coior = Icolor 


So 


010000 


Vertical(-2): aO ^ b1 - 2, color o (color 


C 

«0 O 


100000 


Verticals): aO <— b1 + 3. color b icolor 


■B B 


000000 


Verteal(-3): aO 4-t b1 * 3, color = loolor 


Unique tc 
Implemer 


<R1^<RL>100 


Horizontal: aO <- aO 4- <RL> -i- <RL> 







SMG4 has a pass through mode to cope with local negative compression. Pass through mode is activated 
by a special run-length code. Pass through mode continues to either end of line or for a pre-programmed 
number of bits, whichever is shorter. The special lun-length code is always executed as a run-length code, 
followed by pass through. The pass through escape code is a medium length run-length with a run of less 
thanor equal to 31. 

Table 7. Run lengtii (RL) encodings 



13 .5 



l^s^siie^. 




RRRRR1 


Short Black Runlength (5 bits) 


RRRRR1 


Short White Runlength (5 bits) 


RRRRRRRRRRIO 


Medium Black Runlength (10 bits) 


RRRRRRRR10 


Medium White Runlength (6 bits) 


RRRRRRRRRRIO 


Medium Black Runlength with RRRRRRRRRR <^ 31. 
Enter pass through 


RRRRRRRR10 


Medium White Runlength with RRRRRRRR 31 . 
Enter pass through 


RRRRRRRRRRRRRRROO 


Ljong Black Runlength (15 bits) 


RRRRRRRRRRRRRRROO 


Long White Runlength (IS bits) 



Doc: SoPEC_hardware_design 
Version: 2-3 



S3 Proprietary Document 



29 Nov 2(X)2 
Page 31 



SoPEC : Hardware Design 



Since the compression is a bitstream^ the encodings are read right (least significant bit) to left (most signif- 
icant bit). The nm lengths given as RRRR in Table 7 are read in the same way (least significant bit at the 
right to most significant bit at the left). 

Each band of bi-level data is optionally self contained. The first line of each band therefore is based on a 
•previous* blank line or the last line of the previous band. 

• 8.1.2.3.1 Group 3 and 4 facsimile compression 

The Group 3 Facsimile compression algorithm (18] losslessly compresses bi-level data for transmission ^ 
over slow and noisy telephone lines. The bi-level data represents scanned black text and graphics on a 
white background, and the algorithm is tuned for this class of images (it is explicitly not tuned, for exam- 
ple, for halftoned bi-level images). The ID Group 3 algorithm nmlength-encodes each scanline and then 
Huffman-encodes the resulting runlengths. Runlengths in the range 0 to 63 are coded with terminating 
codes. Runlengths in the range 64 to 2623 are coded with make-up codes, each representing a multiple of 
64, followed by a terminating code. Runlengths exceeding 2623 are coded with multiple make-iqi codes 
followed by a terminating code. The Huffman tables are fixed, but are separately tuned for black and white 
runs (except for make-up codes above 1728, which are common). When possible, the 2D Group 3 algo- 
rithm encodes a scanline as a set of short edge deltas (0. ±1 . ±2, ±3) with reference to the previous scan- 
line. The delta symbols are entropy-encoded (so that the zero delta symbol is only one bit long etc.) Edges 
within a 2D^coded line which can't be delta-encoded are nmlength-encoded, and are identified by a pre- 
fix. ID- and 2D-cncoded lines are marked differently. ID-encoded lines are generated at regular intervals, 
whether actually required or not, to ensure that the decoder can recover from line noise with minimal 
image degradation. 2D Group 3 achieves compression ratios of up to 6:1 [28]. 

The Group 4 Facsimile algorithm [18] losslessly compresses bi-level data for transmission oyer errvr-free 
cotmnunications lines (i.e. the lines are truly error-free, or error-correction is done at a lower protocol 
level). The Group 4 algorithm is based on the 2D Group 3 algorithm, with the essential modification that 
since transmission is assumed to be error-free, ID-encoded lines are no longer generated at regular inter- 
vals as an aid to error-recovery. Group 4 achieves compression ratios ranging ft^m 20:1 to 60:1 for the 
CCITT set of test images [28]. 

The design goals and performance of the Group 4 compression algorithm qualify it as a compression algo- 
rithm for the bi-level layers. However, its Huffman tables are tuned to a lower scanning resolution (100- 
400 dpi), and it encodes runlengths exceeding 2623 awkwardly. 

8, f . 2.4 Contone data compression 

The contone layer. (CMYK) is either a non-compressed bytestream or is compressed to an interleaved 
JPEG bytestream. The JPEG bytestream is complete and self-contained. It contains all data required for 
decompression, including quantization and Hufib:ian tables. 

The contone data is optionally converted to YCrCb before being compressed (there is no specific advan- 
tage in color-space converting if not compressing). Additionally, the CMY contone pixels are optionally 
converted (on an individual basis) to RGB before color conversion using R'=255-C, G=255-M, B=255-Y. 
Optional bitwise inversion of the K plane may also be performed. Note that this CMY to RGB conversion 
is not intended to be accurate for display purposes, but rather for the purposes of later converting to 
YCrCb. The inverse transform will be applied before printing. 

8.1.2.4.1 JPEG compression 

The JPEG compression algorithm [23] lossily compresses a contone image at a specified quality level. It 
introduces imperceptible image degradation at compression ratios below 5:1, and negligible image degra- 
dation at compression ratios below 10:1 [29]. 
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JPEG typically first transforms the image into a color space which separates luminance and chrominance 
into separate color channels. This allows the chrominance channels to be subsampled without appreciable 
loss becatise of the human visual system *s reiaiively greater sensitivity to luminance than chrominance. 
After this first step, each color channel is compressed separately. 

The image is divided into 8x8 pixel blocks. Each block is then transfonned into the frequency domain via 
a discrete cosine transform (DCT). This transformation has the effect of concentrating image energy in rel- 
atively lower-frequency coefficients, which allows higher-frequency coefficients to be more crudely quan- 
tized. This quantization is the principal source of compression in JPEG. Further compression is achieved 
by ordering coefficients by frequency to maximize the likelihood of adjacent zero coefficients, and then 
runlength-encoding runs of zeroes. Finally, the runlengths and non-zero frequency coefficients are entropy 
coded. Decompression is the inverse process of compression. 

8.1.2.4.2 Non^compressed format ^ 

If the contone data is non-compressed, it must be in a block-based , format bytestream with the same pixel 
order as would be produced by a JPEG decoder. The bytestream therefore consists of a series of 8x8 block 
of the original image, starting with the top left 8x8 block, and working horizontally across the page (as it 
will be printed) until the top rightmost 8x8 block, then the next row of 8x8 blocks O^ft to right) and so on 
until the lower row of 8x8 blocks Oeft to right). Each 8x8 block consists of 64 8-bit pixels for color plane 
0 (representing 8 rows of 8 pixels in the order top left to bottom right) followed by 64 8-bit pixels for color 
plane 1 and so on for up to a maximum of 4 color planes. 

If the original image is not a multiple of 8 pixels in X or Y, padding must be present (the extra pixel data 
will be ignored by the setting of margins). 

8.1.2.4.3 Compressed format 

If the contone data is compressed the first memory band contains JPEG headers (including tables) plus 
MCUs (minimum coded tmits). The ratio of space between the various color planes in the JPEG stream is 
1 : 1 : 1 : 1 . No subsampling is permitted. Banding can be completely arbitrary i.e there can be multiple JPEG 
images per band or 1 JPEG image divided over multiple bands. The break between bands is only memory 
alignment based 

8.1.2.4.4 Conversion of RGB to YCrCb (In RIP) 

YCrCb is defined as per CCIR 601-1 [20] except that Y, Cr and Cb are normalized to occupy all 256 levels 
of an 8-bit binary encoding and take account of the actual hardware implementation of the inverse trans- 
form within SoPEC. 

The exact color conversion computation is as follows: 

• Y* « (9805/32768)R + (19235/32768)G + (3728/32768)8 

• Cr* = (16375/3 2768)R - (1 37 1 6/32768)G - (2659/32768)8 1 28 

• Cb* « -(5529/32768)R - (10846/32768)G + (16375/32768)8 + 128 

Y, Cr and Cb are obtained by rounding to the nearest integer. There is no need for saturation since ranges 
of Y*. Cr* and Cb* after rounding are [0-255], [1-255] and [1-255] respectively. Note that fall accuracy is 
possible with 24 bits. See [14] for more informarion. 
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9 Overview 



The Small Office Home Office Print Engine Controller (SoPEC) is a page rendering engine ASIC that 
takes compressed page m:iages as input, and produces decompressed page images at up to 6 channels of bi- 
level dot data as output. The bi-level dot data is generated for the Memjet bi-lithic printhead. The dot gen- 
eration process takes account of printhead construction, dead nozzles, and allows for fixative generation. 
A single SoPEC can control 2 bi-Iithic printheads and up to 6 color channels at 10.000 lines/sec' equating 
to 30 pages per minute. A single SoPEC can perform fiill-bleed printing of A3. A4 and Utter pages The 6 
channels of colored ink are the expected maximum in a consumer SOHO. or office Bi-lithic printing envi- 
ronment: 

• CM Y, for regular color printing. 

• K, for black text, line graphics and gray-scale printing. 

• IR (infrared), for Nctpage-enablcd [5] applications. 

• F (fixative), to enable printing at high speed, .Because the bi-lithic printer is capable of printing so fast 
a fixative may be required to enable the ink to dry before the page touches the page already printed 
Otherwise the pages may bleed on each other. In low speed printing environments the fixative may not 
be requued. ' 

- SoPEC is color space aplastic. Although it can accept contone data as CMYX or RGBX. where X is an 
optional 4th channel, it also can accept contone data in any print color space. Additionally, SoPEC pro- 
vides a mechanism for arbitrary mapping of input channels to output channels, including combining dots 
for mk optimization, generation of channels based on any number of other channels etc. However inputs 
are typically CMYK for contone input. K for the bi-level input, and the optional Netpage tag dots ^ typ- 
icaUy rendered to an infira-red layer. A fixative channel is typically generated for fast printing applicatioi^. 

SoPEC is resolution agnostic. It merely provides a mapping between input resolutions and output resolu- 
dons by means of scale factors. The expected output resolution is 1600 dpi. but SoPEC actuaUy has no 
knowledge of the physical resolution of the Bi-lithic printiiead. 

SoPEC is page-length agnostic. Successive pages are typically split into bands and downloaded into tiie 
page store as each band of information is consumed and becomes fiec. 

SoPEC provides an interface for synchronization with other SoPECs. This allows simple multi-SoPEC 
solutions for smiultaneous A3/A4/Letter duplex printing. However. SoPEC is also capable of printing only 
a portion of a page image. Combining synchronization functionality with partial page rendering allows 
multiple SoPECs to be readUy combined for alternative printing requiiements including simultaneous 
duplex pnnting and wide format printing. 

Table 8 lists some of the features and corresponding benefits of SoPEC. 
Table 8. Features and Benefits of SoPEC 



Optimised print architecture In hanKvare 


30ppm full page photographic quality color printino 
from a desktop PC 


0.1 3micron CMOS 
(>3 million transistors) 


High speed 

Low cost 

High functtonaJity 



1. 10,000 lines per second equates to 30 A4/Lctter pages per minute at 1600 dpi 
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Table 8. Features and Benefits of SoPEC 







900 Miinon dots per second 


Extremely fast page generation 


10.000 lines per second at 1600 dpi 


0.6 A4/Lettef pages per SoPEC chip per second 


1 chip drives up to 133.920 nozzles 


LOW COS! page-WKiui pnnters 


1 ctifp drives up to 6 colof planes 


oi oono pnnters can use i SoPEC device 


Integrated ORAM 


No external memory required, leading to low cost 

sy^ioms 


Rower saving sleep mode 


SoPEC can enter a power saving sleep mode to 
reduce power dissipation between print jobs 


JPEG expansion 


Low bandwidth from PC 

Low noemory requirements in printer 


Lossless bitplane expansion 


High resolution text and line art with low bandwidth 
from PC (e.g. over USB) 


Netpage tag expansion 


Generates interactive paper 


Stochastic dispersed dot dither 


Optically smooth image quality 
No moire effects 


Hardware oompositor for 6 image planes 


Pages composited In real-time 


L/eau nozzie compensation 


Extends pnnthead fifa and yield 
Reduces printhead c»st 


wuior space agnosuc 


Compatikiie with ail inlcsets and image sources 
inclucfino RGB CMYiC crvYt pip i *o*k* t%As, 
achrome, YCrCbK, sRGB and other 


Color space conversion 


Higher quality / tower bandwidth 


Computer interface 


USB1 .1 interface to Host and tSI interface to ISI* 
Bridge chip thereby allowing connection to IEEE 
1394. Bluetooth etc. 


Cascadable in resolution 


Printers of any resolution 


Cascadabie in color depth 


Special color sets e.g. hexachrome can l>e used 


Cascadable in image size 


Printers of any width up to 16 inches 


Cascadable In pages 


Printers can print both sides simultaneously 


Cascadable in speed 


Higher speeds are possible by having each SoPEC 
print one vertical atrip of the page. 


Fixative channel data generation 


Extremely fasi ink drying without wastage 


Buih-in security 


Revenue models are protected 


Undercolor removal on dot-tjy-dot basis 


Reduced ink usage 


Does not require fonts for high speed 
operation 


No font substltutfon or missing fonts 


Flexible printhead configuration 


Many configurations of printheads are supported by 
one chip type 


Drives Bi-fithic printheads directly 


No print driver chips required, results in tower cost 


Determines dot accurate ink usage 


Removes need for physical Ink monitoring system in 
ink cartridges 



9,1 Printing rates 

The required printing rate for SoPEC is 30 sheets per minute with an inter-sheet spacing of 4 cm. To 
achieve a 30 sheets per minute print rate, this requires: 
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300imn x 63 (dot/nun) / 2 sec « 1 05.8 ^seconds per line, with no inter-sheet gap. 

340mm x 63 (dot/mm) / 2 sec = 93.3 ^seconds per line, with a 4 cm inter-sheet gap. 
A Printline for an A4 page consists of 13824 nozzles across the page [2]. At a system clock rate of 160 
MHz 13824 dots of data can be generated in 86.4 ^seconds. Therefore data can be generated fast enough 
to meet the printing speed requirement It is necessary to deliver this print data to the print-heads. 

Printheads can be made up of 5:5, 6:4, 7:3 and 8:2 inch printhead combinations [2]. Print data is trans- 
ferred to both print heads in a pair simultaneously. This means the longest time to print a line is determined 
by the time to transfer print data to the longest print segment. There are 9744 nozzles across a 7 inch print- 
head The print data is transferred to the printhead at a rate of 106 MHz (2/3 of the system clock rate) per 
I color plane. This means that it wiU take 91 .9 pis to transfer a single line for a 7:3 printhead configuration. 

So we can meet the requirement of 30 sheets per minute printing with a 4 cm gap with a 7:3 printhead 
combination. There are 1 11 60 across an 8 inch printhead. To transfer the data to the printhead at 106 MHz 
will take 1053 lis. So an 8:2 printhead combination printing with an inter-sheet gap will print slower than 
30 sheets per minute. 

9.2 SoPEC BASIC ARCHITECTURE 

From the highest point of view the SoPEC device consists of 3 distinct subsystems 

• CPU Subsystem 

• DIIAM Subsystem 

• Print Engine Pipeline (PEP) Subsystem 
See Figure 13 for a block level diagram of SoPEC. 

CPU Subsystem 

The CPU subsystem controls and configures all aspects of the other subsystems. It provides general sup- 
port for interfacing and synchronising the external printer with the internal print engine. It also controls the 
low speed communication to the QA chqps. The CPU subsystem contains various peripherals to aid the 
CPU, such as GPIO (includes motor control), interrupt controller. LSS Master and general timers. The 
Serial Conununications Block (SCB) on the CPU subsystem provides a full speed USBl .1 interface to the 
Host as well as an Inter SoPEC Interface (IS!) to other SoPEC devices. 

9.2.2 DRAM Subsystem 

The DRAM subsystem accepts requests from the CPU, Serial Communications Block (SCB) and blocks 
within the PEP subsystem. The DRAM subsystem (in particular the DIU) arbitrates the various requests 
and determines which request should win access to the DRAM. The DIU arbitrates based on configured 
parameters, to allow sufficient access to DRAM for all requestors. The DIU also hides the implementation 
specifics of the DRAM such as page size, number of banks, refresh rates etc. 

9.2.3 Print Engine Pipeline (PEP) subsystem 

Tlie Print Engine Pipeline (PEP) subsystem accepts compressed pages from DRAM and tenders them to 
bi-level dots for a given print line destined for a printhead interface that communicates directly with up to 
I 2 segments of a bi-lithic printhead. 

The first stage of the page expansion pipeline is the CDU. LED and TE. The CDU expands the JPEG-com- 
presscd contone (typicaUy CMYK) layer, the LBD expands the compressed bi-level layer (typically K). 
and the TE encodes Netpage tags for later rendering (typicaUy in IR or K ink). The output from the first 
stage is a set of buffers: the CFU, SFU, and TFU. The CFU and SFU buffers are implemented in DRAM. 



9.2.1 
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The second stage is the HCU. which dithers the contone layer, and composites position tags and the bi- 
level spotO layer over the resulting bi-level dithered layer. A number of options exist for the way in which 
compositing occurs. Up to 6 channels of bi-levcl data are produced from this stage. Note that not ail 6 
channels may be present on the printhead. For example, the printhead may be CMY only, with K pushed 
into the CMY channels and IR ignored Alternatively, the position tags may be printed in K if IR ink is not 
available (or for testing purposes). 

The third stage (DNC) compensates for dead nozzles in the printhead by color redundancy and error dif- 
fusing dead nozzle data into surrounding dots. 

The resultant bi-level 6 channel dot-data (typically CMYK-IRF) is buffered and written out to a set of line 
buffers stored in DRAM via the DWU. 

Finally, the dot-data is loaded back from DRAM, and passed to the printhead interface via a dot FIFO. The 
dot FIFO accepts data from the LLU at the system clock rate (pclk), while the PHI removes data from the 
I FIFO and sends it to the printhead at a rate of 2/3 times the system clock rate (see Section 9, 1), 
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CPU sub-system 



CPU 



RDU 



MMU I ^ 



TIM 



Mastei 



-Slave 



Boot ROM 



Stave- 



ICU 4- 



Slave 



PSS 



Slave 



•USBHost 



SCB I 



USB PHY 



USB 
Device 4 — ^ 



ISI 



4^ 



DMA 
CftI 



,•S^ftve 



^otor Controf . 
LSS. ISI. 
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GPIO 
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CPUSubtfystem 
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DRAM sub-system 



DIU 



4 ^'^^ \ P PCU 



DRAM bus 



Print Engine Pipeline sub-system 



Master 



CDU 



CPU 
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TE 
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PEP Configuration Bus 
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Figure 13. SoPEC System Top Level partition 
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9.3 SoPEC Block Description 

Looking at Figiire 13, the various units are described here in summary form: 



Table 9. Units within SoPEC 









immmmmm 


ORAM 


DIU 


ORAM fnterface unit 


Provides ttie Interface for DRAM read and write access 
for the various SoPEC units, CPU and the SCB block. 
The OIU provides arbitration l>etween competing units 
controls ORAM access. 




ORAM 


Embedded ORAM 


20Mbits of embedded ORAM. 


CPU 


CPU 


Central Processing Unit 


CPU for system configuration and control 




MMU 


Msniory Management Unit 


Limits access to certain menrwry address areas in CPU 
userrrKKle 




ROU 


Real-time Detnjg Unit 


facilitates the observation of the contents of most of the 
CPU addressable registers in SoPEC In addition to 
some pseudo-registBrs In realtime. 




TIM 


General Timer 


Contains watchdog and general system timers 




LSS 


Low Speed Serial Interfaces 


Low level controller for tnterfodng with the OA chips 




GPIO 


Generai Purpose lOs 


General lO controller, with built-in Motor control unit. 
LED pulse units and de-glitch circuitry 




ROM 


Boot ROM 


16 KBytes of System Boot ROM code 




ICU 


Interrupt Controller Unit 


General Purpose interrupt oontrolter with configurable 
priority, and masking. 




CPR 


Ctock. Power and Reset 
block 


Central Unit for controlling and generating the system 
docks arul resets and powerdown mechanisms 




PSS 


Power Save Storage 


Storage retained while system is powered down 




USB 


Unh/ersal Serial Bus Oevice 


USB devfoe oontrotler tor Interfacing with the Host USB. 




ISl 


Inter-SoPEC Interface 


' IS! controller for data and control communlcatfon with 

other SoPEC's In a multi-SoPEC system 




SCB 


Serial Communication Block 


Contains both the USB and ISl bfocks. 
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Table 9. Units within SoPEC 











Print Engine 

Pipeline 

(PEP) 


PCU 


PEP controller 


Provides external CPU with the means to read and write 
PEP Unit registers, and read and write DRAM in single 
32-btt chunks. 






i^onione oecoaer unii 


Expands JPEG compressed contone layer and writes 
decompressed contone to DRAM 




CFU 


Contone FIFO Unit 


Provides line buffering between CDU and HCU 




LBD 


Lossless BHevel Decoder 


Expands compressed bi-level layer. 




SFU 


Spot FIFO Unit 


Provides line buttering between LBD and HCU 




TE 


Tag encoder 


Encodes tag data into line of tag dots. 




TFU 


Tag FIFO Unit 


Provides tag data storage between TE and HCU 




HCU 


Halftoner compositor unit 


Dithers contone layer and composites the bi-level spot 0 
and position tag dots. 




DNC 


Dead Nozzle Compensator 


Compensates for dead nozzles by color redundancy and 
error diffusing dead nozzle data into surrounding dots. 




DWU 


Dottlne Writer Unit 


Writes out the 6 channels of dot data for a given Printline 
to the line store DRAM 




LLU 


Line Loader Unit 


Reads the expanded page image from line store, format- 
ting the data appropriately for the bi-lithic printhead. 




PHI 


PrintHead Interface 


Is responsible for sending dot data to the bi-lilhic print- 
heads and for providing Una synchronization between 
multiple SoPECs. Also provides test interface to print- 
head such as temperature monitoring and Dead Nozzle 
Identificatfon. 



9.4 Addressing scheme in SoPEC 

SoPEC must address 

• 20 Mbit DRAM. 

• PCU addressed registers in PEP. 

• CPU-subsystem addressed registers. 

SoPEC has a unified address space with the CPU capable of addressing all CPU-subsystem and PCU-bus 
accessible registers (in PEP) and all locations in DRAM. The CPU generates byte-aligned addresses for 
the whole of SoPEC. 

22 bits are sufficient to byte address the whole SoPEC address space. 

9.4.1 ORAM addressing scheme 

The embedded DRAM is composed of 256-bit words. However the CPU-subsystem may need to write 
individual bytes of DRAM. Therefore it was decided to make the DIU byte addressable. 22 bits are 
required to byte address 20 Mbits of DRAM. 

Most blocks read or write 256-bit words of DRAM. Therefore only the top 17 bits i.e. bits 21 to 5 are 
required to address 256-bit word aligned locations. 

The exceptions are 

• CDU which can write 64-bits so only the top 19 address bits i.e. bits 21-3 are required, 

• The CPU-subsystem always generates a 22-bit byte-aligned DIU address but it will send flags to the 
DIU indicating whether it is an 8, 16 or 32-bit write. 
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All DIU accesses must be within the same 256-bit aligned DRAM word 

9.4.2 PEP Unit DRAM addressing 

PEP Unit configuration registers which specify DRAM locations should specify 256-bit aligned DRAM 
addrpsses i.e. using address bits 21 :5. Legacy blocks from PEC I e.g. the LBD and TE may need to specify 
64-bit aligned DRAM addresses if these reused blocks DRAM addressing is difficult to modify. These 64- 
bit aligned addresses require address bits 21:3. However, these 64-bit aligned addresses should be pro- 
grammed to start at a 256-bit DRAM word boundary. 

Unlike FECI , there arc no constraints in SoPEC on data organization in DRAM except that all data stmc- 
tures must start on a 256-bit DRAM boundary. If data stored is not a multiple of 256-bits then the last word 
should be padded. 



9.4.3 CPU-bus addressed registers 

The CPU-bus supports 32-bit word aligned read and write accesses with variable access timings. See sec- 
tion 1 1.4 for more details of the access protocol used on this bus. The CPU-bus docs not cuncntly support 
byte reads and writes but this can be added at a later date if required by imported IP, 



9.4.4 PCU addressed registers in PEP 

The PCU only supports 32-bit register reads and writes for the PEP blocks. As the PEP blocks only occupy 
a subsection of the overall address map and the PCU is explicidy selected by the MMU when a PEP block 
is being accessed the PCU does not need to perforai a decode of the higher-order address bits. See 
Table 1 1 for the PEP subsystem address map. 
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9.5 SoPEC Memory Map 

9.5.1 Main memory map 

The system wide memory map is shown in Figure 14 below. The memory map is discussed in detail in 
Section 1 1 Central Processing Unit (CPU). 

OxFFFF_FFFF 



Accesses in this 
area cire not 
allowed and 
result in a bus 
enor exception. 



Accesses in this 
area are via the 
CPU bus and are 
controlled by 
permissions set in ^ 
each peripheral. 




Accesses in this 
area are via the 
DIU bus and are 
controlled ksy 
permissions set in \ 
the MMU. 



PCU Mapped Registers 



Peripheral Registers 



ROM 



DRAM 



0x002A^CO00 
0x002A_0000 
0x0029_0000 
0x0028^0000 




ORAM 
Regions 



0x0000.0000 



Figure 14. Proposed SoPEC CPU memory map (not to scale) 

9.5.2 CPU-bus peripherals address map 

The address mapping for the peripherals attached to the CPU-bus is shown in Table 1 0 below. The MMU 
performs the decode of cpu^adr [21:12] to generate the relevant cpujblock^select signal for each block. 
The addressed blocks decode however many of the lower order bits of cpu_adr[il:2] are required to 
address all the registers within the block. 

Table 10. CPU-bus peripherals address map 



MMU.t>ase 


0x0029.0000 


TIM^base 


0>c0029_1000 


LSS_ba8e 


0x0029.2000 


GPJO.base 


0x0029_3000 


SCB^base 


0x0029.4000 
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Table 10. CPU-bus peripherals address map 







ICU_base 


Cbc0029_5000 


CPR.base 


0x0029.6000 


ROM.base 


0x0029.7000 


OJU^base 


0x0029_8000 


PSS.base 


0x0029^9000 


Reservwi 


0XOO29.A00O to Ox0029_FFFF 


PCU.tiase 


0X002A.0000 to OX002A.BFFF 



9.5.3 PCU Mapped Registers (PEP blocks) address map 

The PEP blocks are addressed via the PCU. From Figure 14, the PCU mapped registers are in the lanee 
Ox002A^0O00 to OX002A.BFFF. From Table 11 it can be seen that there are 1 2 sub-blocks within the PCU 
address space. Therefore, only four bits are necessary to address each of the sub-blocks within the PEP 
part of SoPEC. A further 12 bits may be used to address any configurable register within a PEP block- This 
gives scope for 1024 configurable registers per sub-block (the PCU mapped registers are all 32-bit 
addressed registers so the upper 10 bits are required to individuaUy address them). This address will come 
either from the CPU or from a command stored in DRAM. The bus is assembled as follows: 

• address[15:12] = sub-block address, 

• address[n:2] « register address vidthinsub-block, only the number of bits required to decode the reg^ 
ters within each sub-block are used, 

• address[l :a] «= byte address, unused as PCU mapped registcre are all 32.bit addressed registers. 

So for the case of the HCU, its addresses range from 0x7000 to 0x7FFF within the PEP subsystem or from 
Ox002A_7000 to Ox002A_7FFFF in the overall system. 



Table 1 1 . PEP blocks address map 







PCU.base 


0x0O2A_O000 


CDU.base 


Ox002A_1000 


CFU.base 


0x002A_2000 


LBO.base 


0X002A.3000 


SFU^base 


Ox002A^4000 


TE^base 


Ox002A^5000 


TFU_bas« 


OxOOZA^GOOO 


HCU^basB 


0x002A_7000 


ONC_t>ase 


0X002A.8000.. 


DWU_base 


Ox002A_9000 


LLU_bas6 


0x0O2A_A000 


PHLbas© 


Ox002A^BOOO 1o Ox002A^BFFF 
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9.6 Buffer management in SoPEC 

As outlined in Section 9.1, SoPEC has a requirement to ptint 1 side every 2 seconds i.e. 30 sides per 
minute. j<w 

9.6.1 Page buffering 

Approximately 2 Mbytes of DRAM are reserved for compressed page buffering in SoPEC If a page is 
compressed to fit within 2 Mbyte then a complete page can be transferred to DRAM before printing How- 
ever, the time to transfer 2 Mbyte using USB 1.1 is approximately 2 seconds. The worst case cycle time to 
print a page then approaches 4 seconds. This reduces the worst^e print speed to 1 5 pages per minute. 

9.6.2 Band buffering 

The SoPEC page^pansion blocks support the notion of page banding. The page can be divided into 
bands and another band can be sent down to SoPEC while we are printing the current band. 
Therefore we can start printing once at [cast one band has been downloaded. 

The band size granularity should be carefully chosen to allow efficient use of the USB bandwidth and 
DRAM buffer space. It should be small enough to allow seamless 30 sides per minute printing but not so 
smaU as to mtroduce excessive CPU overhead in orehestrating the data tnmsfer and parsing the band head- 
as. Mnd-finish mterrupts have been provided to notify the CPU of free buffer space. It is likely thai the 
Host PC wiU sivervise the band transfer and buffer management instead of the SoPEC CPU. 
If SoPEC starts printing before the complete page has been transferred to memory there is a risk of a buffer 
undenun occumng if subsequent bands are not transferred to SoPEC in time e.g. due to insufficient USB 
bandwidA caused by another USB peripheral consuming USB bandwidth. A buffer undemm occurs if a 
me synchromsation pulse is received before a line of data has been ttansferted to the printhead and causes 
the prmt job to fell at that line. If there is no risk of buffer undenun then printing can safely start once at 
least one band has been downloaded. «- « j u>^ui 

If there is a risk of a buffer undemm occurring due to an interruption of compressed page data transfer 
then the safest approach is to only start printing once we have loaded up the data for a complete page. This 
meansthat a wont case latency in the region of 2 seconds (with USBl.l) wiU be incurred before printing 
the first page. Subsequent pages will take 2 seconds to print giving us the required sustained printing rate 
oi 30 Sides per zmnute. 

A Storage SoPEC (Section 7.Z5) could be added to the system to provide guaranteed bandwidth data 

Vl^n^-^!^'''''''' ^^"^^ '^'^'^ ^ ^'^^y determined on a per page/ print job basis and so 
SoPEC will support the use ofbands of any size. k © f j mm 
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10 SoPEC Use Cases 



10.1 Introduction 

This chapter is intended to give an overview of a representative set of scenarios or use cases which SoPEC 
can perform, SoPEC is by no means restricted to the particular use cases described here. 

In this chapter we discuss SoPEC use cases under four headings: 

1) Norma! operation use caseis. 

2) Security use cases. 

3) Miscellaneous use cases. 

4) Failure mode use cases. 

Use cases for both single and multi-SoPEC systems are outlined. 
Some tasks may be composed of a number of sub-taslcs. 

The realtime requirements for SoPEC software tasks are discussed in "Central Processing Unit (CPU)" 
under Section 1 1 .3 Realtime requirements. v y 

10.2 Normal operation in a single SoPEC System with USB Host connection 

SoPEC operation is broken up into a number of sections which are outlined below. Buffer management in 
a SoPEC system is normally performed by the Host. 

10.2.1 Powerup 

Powerup describes SoPEC initialisation foUowing an external reset or the watchdog timer system reset. 
A typical powerup sequence is: 

1 ) Execute reset sequence for complete SoPEC. 

2) CPU boot from ROM. 

3) Basic configuration of CPU peripherals, SCB and DIU. DRAM initialisation. USB Wakeup, 

4) Download and authentication of program (see Section 10.5.2). 

5) Store reusable authentication results in Power-Safe Storage (PSS). 

6) Execution of program from DRAM. 

7) Retrieve operating parameters from PRJNTER^QA and authenticate operating parameters. 

8) Dovmload and authenticate any further datasets, 

10.2.2 USB wakaup 

The CPU can put different sections of SoPEC into sleep mode by writing to registers in die CPR block 
(chapter 16). Nonnally tiie CPU sub-system and the DRAM wiU be put in sleep mode but the SCB and 
power-safe storage (PSS) will still be enabled. h o auo 

Wakeup describes SoPEC recovery from sleep mode with tiie SCB and power-safe storage (PSS) still 
enabled. In a smgle SoPEC system, wakeup can be initiated following a USB reset from tiie SCB. 
A typical USB wakeup sequence is: 

1 ) Execute reset sequence for sections of SoPEC in sleep mode. 

2) CPU boot from ROM, if CPU-subsystem was in sleep mode. 

3) Basic configuration of CPU peripherals and DIU. and DRAM initialisation, if required. 
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4) Download and authentication of program using results in Power-Safe Storage (PSS) (see Section 
10.5.2). 

5) Execution of program from DRAM. 

6) Retrieve operating parameters from PRINTER^QA and authenticate operating parametere. 

7) Download and authenticate using results in PSS of any further datasets (programs). 

10.2.3 Print initialiratlon 

This sequence is typically performed at the start of a print job following powerup or wakeup: 

1) Check amount of ink remaining via Q A chips. 

2) Download static data e.g. dither matrices, dead nozzle tables from Host to DRAM. 

3) Check printhead temperature, if required, and configure printhead with firing pulse profile etc. 
accordingly. 

4) Initiate printhead pce-heat sequence, if required. 

10.2.4 First page download 

Buffer management in a SoPEC system is normally performed by the Host. 
First page, first band download and processing: 

1) The Host communicates to the SoPEC CPU over the USB to check that DRAM space remaining is 
sufficient to download the first band. 

2) The Host downloads the first band (widi the page header) to DRAM. 

3) When the complete page header has been downloaded the SoPEC CPU processes the page header, 
calculates PEP register commands and writes directly to PEP registers or to DRAM. 

4) If PEP register commands have been written to DRAM, execute PEP commands fix>m DRAM via 
PCU. 

Remaining bands download and processing: 

1 ) Check DRAM space remaining is sufficient to download the next band 

2) . Download the next band with the band header to DRAM. 

3) When the complete band header has been downloaded, process the band header according to 
whichever band-related register updating mechanism is being used. 

10.2.5 * Start printing 

1 ) Wait until at least one band of the first page has been downloaded. 

One approach is to only start printing once we have loaded up the data for a complete page. If we 
start printing before the complete page has been transferred to memory we nm the risk of a buffer 
undemin occurring because compressed page data was not transferred to SoPEC in rime e.g. due to 
insufficient USB bandwidth caused by another USB peripheral consuming USB bandwidth. 

2) Start all the PEP Units by writing to their Go registers, via PCU commands executed fi-om DRAM 
or direct CPU writes. A rapid startup order for the PEP units is outlined in Table 1 2. 



Table 12. Typical PEP Unit startup crtler for printing a page. 









1 


ONC 


2 


DWU 


3 


HCU 
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Table 12. Typical PEP Unit startup order for printing a page. 





4 


PHI 


5 


LLU 


6 


CFU.SFU.TFU 


7 


CDU 


6 


TE. LBO 



3) Print ready interrupt occurs (from PHI). 

4) Start motor control, if first page, otherwise feed the next page. This step could occur before the print 
ready interrupt. 

5) Drive LEDs, monitor paper status. 

6) Wait for page alignment via page sensor(s) GPIO intemipt 

7) CPU instructs PHI to start producing line syncs and hence commence printing, or wait for an exter* 
nal device to produce line syncs. 

8) Continue to download bands and process page and band headers for next page. 

10.2.6 Next page(s) download 

As for first page download, performed during printing of current page. 

10.2.7 Between bands 

When the finished band flags are asserted band related registers in the CDU, LBD, TE need to be re-pro- 
grammed before the subsequent band can be printed This can be via PCU commands from DRAM. Typi- 
cally only 3-5 commands per decompression unit need to be executed. These registers can also be 
reprogrammed directly by the CPU or most likely by i^dating from shadow registers. The finished band 
flag mtemipts the CPU to teU ttie CPU that Ae area of memory associated with the band is now free. 

10.2.8 During page print 

Typically during page printing ink usage is communicated to the QA chips. 

1) Calculate ink printed (fiom PHI). 

2) Decrement ink remaining (via QA chips). 

3) Check amount of ink remaining (via Q A chips). This operation may be better performed while the 
page is being printed rather than at the end of the page. 

10.2.9 Page finish 

These operations are typically performed when the page is finished: 

1) Page finished interrupt occurs fix>m PHI, 

2) Shutdown the PEP blocks by de-asseiting their Go registers. A typical shutdown order is defined in 
Table 1 3 . This will set the PEP Unit state-machines to their idle states without resetting their config- 
uration registers. 

3) Communicate ink usage to QA chips, if required. 




Doc: SoPEC_hardwafe_design S3 Proprietary Document . 29 Nov 2002 
Version: 2.3 ^yiNovzooz 
Page 48 




SoPEC : Hardware Design 



Table 13. End of page shutdown order for PEP Units (TBO). 







1 


PHI (will shutdown by rtsell in the normaJ case at the end of a page) 


2 


OWU (shutting this down stalls the DNC and therefore the HCU and above) 


3 


LLU (should already be halted due to PHI at end of iast line of page) 


4 


TE (this is the only dot supplier likely to be running, halted by the HCU) 


5 


CDU (this is fikely to already be halted due to end of con tone band) 


6 


CPU. SFU. TFU. LBD (order unimportant, and should already be halted due to end of 
band) 


7 


HCU, DNC (order unimportant, should already have halted) 



10.2.10 Start of next page 

These operations are typically performed before printing the next page: 

1) Re-program the PEP Units via PCU command processing from DRAM based on page header. 

2) Go to Start printing. 

1 0.2.1 1 End of document 

1) Stop motor control. 

10.2.12 Powerdown 

In this mode SoPEC is no longer powered. 

1) Instruct Host PC via USB that SoPEC is about to power down. 



10.2.13 Sleep 

The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
described in Section 16. 

1) Instruct Host PC via USB that SoPEC is about to sleep. 

2) Put SoPEC into defined sleep mode. 
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10.3 Normal operation in a Multi-SoPEC System - ISIMaster SoPEC 

In a mulri-SoPEC system the Host generally manages program and compressed page download to all the 
SoPECs. Intcr-SoPEC communication is over the IS! link which will add a latency. 

In the case of a multi-SoPEC system with a USB l.l connection, the SoPEC with the USB connection is 
the ISIMaster. The ISI-bridge chip is the ISIMaster in the case of an ISI-Bridge SoPEC configuration. 
In a multi-SoPEC system one of the SoPECs will be the PrintMastcr. This SoPEC must manage and con- 
trol sensors and actuators e.g. motor control. These sensors and actuators could be distributed over all the 
SoPECs in the system. An ISIMaster SoPEC may also be the PrintMaster SoPEC. 

In a multi-SoPEC system each printing SoPEC will generally have its own PRINTER^QA chip (or at least 
access to a PRINTER^QA chip that contains the SoPECs SOPECJd.key) to validate operating parame- 
ters and ink usage. The results of these operations may be communicated to the PrintMaster SoPEC. 
In general the ISIMaster may need to be able to: 

• Send messages to the ISISIaves which will cause the ISISlaves to send their status to the ISIMaster. 

• Instruct the ISISIaves to perform certain operations. 

As the ISI is an insecure interface conunands issued over the ISI are regarded as user made commands. 
Supervisor mode code running on the SoPEC CPUs will allow or disallow these commands. The software 
protocol needs to be constructed with this in mind. 

Existing requirements indicate that it is sufficient for the ISIMaster to initiate aU communication with the 
ISISIaves. 

SoPEC operation is broken up into a number of sections which are outlined below. 

10.3.1 Powerup 

Powenip describes SoPEC initialisation following an external reset or the watchdog timer system reset. 

1) Execute reset sequence for complete SoPEC. 

2) CPU boot from ROM. 

3) Basic configuration of CPU peripher^s, SCB and DIU. DRAM initialisation USB Wakeup 

4) SoPEC identification by activity on USB end-points 2-4 indicates it is the ISIMaster. 

5) Download and authentication of program (see Section 1 0.5.3). 

6) Store reusable ctyptogr^hic results in Power-Safe Storage (PSS). 

7) Execution of program from DRAM. 

8) Retrieve operating parameters from PRINTER^QA and authenticate operating parameters. 

9) Download and authenticate any further ^toctt (programs). 

1 0) The initial dataset may be broadcast to all the ISISIaves. 

1 1) ISIMaster master SoPEC then waits for a short time to allow the authentication to take place on the 
ISISlave SoPECs. 

12) Each ISISlave SoPEC is polled for the result of its program code authentication process. 

13) If all ISISIaves report successful authentication the OEM code module can be distributed and 
authenticated. OEM could will most likely reside on one SoPEC. 

10.3.2 USB wakeup 

The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
[16]. Normally the CPU sub-system and the DRAM will be put in sleep mode but the SCB and power-safe 
storage (PSS) will still be enabled. 
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Wakeup describes SoPEC recovery from sleep mode with the SCB and power-safe storage (PSS) still 
enabled For an ISIMaster SoPEC, wakeup can be initiated following a USB reset from the SCB. 
A typical USB wakeup sequence is: 

1 ) Execute reset sequence for sections of SoPEC in sleep mode. 

2) CPU boot from ROM, if CPU-subsystem was in sleep mode. 

3) Basic configuration of CPU peripherals and DIU, and DRAM initialisation^ if required. 

4) SoPEC identification by activity on USB end-points 2-4 indicates it is the ISIMaster. 

5) Download and authentication of program using results in Power-Safe Storage (PSS) (see Section 
10.5.3). 

6) Execution of program from DRAM. 

7) Retrieve operating parameters from PRINTER^QA and authenticate operating parameters. 

8) Download and authenticate any further datasets (programs) using results in Power-Safe Storage 
(PSS) (see Section 10.5.3). 

9) Following steps as per Powerup. 

10.3.3 Print Initialization 

This sequence is typically performed at the start of a print job following powerup or wakeup: 

1) Check amount of ink remaining via QA chips which may be present on a ISISlave SoPEC. 

2) Download static data e.g. dither matrices, dead nozzle tables from Host to DRAM. 

3) Check printhead temperature, if required, and configure printhead with firing pulse profile etc. 
accordingly. Instruct ISISlaves to also perform this operation. 

4) Initiate printhead pre-heat sequence, if required Instmct ISISlaves to also perform this operation 

10.3.4 First page download 

Buffer management in a SoPEC system is nomially performed by the Host. 

1) The Host communicates to the SoPEC CPU over the USB to check that DRAM space remaining is 
sufficient to download the first band. 

2) The Host downloads the first band (with the page header) to DRAM, 

3) When the complete page header has been downloaded the SoPEC CPU processes the page header, 
calculates PEP register conunands and write directly to PEP registers or to DRAM. 

4) If PEP register commands have been written to DRAM, execute PEP commands from DRAM via 
PCU. 

Poll ISISlaves for DRAM status and download compressed data to ISISlaves. 

Remaining first page bands download and processing: 

1 ) Check DRAM space remaining is sufficient to download the next band. 

2) Download the next band with the band header to DRAM. 

3) When the complete band header has been downloaded, process the band header according to 
whichever band-related register updating mechanism is being used. 

Poll ISISlaves for DRAM status and download compressed data to ISISlaves. 

10.3.5 Start printing 

1 ) Wait until at least one band of the first page has been downloaded, 

2) Start all the PEP Units by writing to their Go registers, via PCU conunands executed from DRAM 
or direct CPU writes, in the suggested order defined in Table 12. 

3) Print ready interrupt occurs (from PHI). Poll ISISlaves until print ready interrupt 
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4) Start motor control (which may be on an ISlSlaves SoPEC). if first page, otheiwise feed the next 
page. This step could occur before the print ready interrupt. 

5) Drive LEDS, monitor paper status (which may be on an ISlSlaves SoPEQ. 

6) Wait for page alignment via page sensor(s) GPIO interrupt (which may be on an ISlSlaves SoPEC). 

7) CPU instructs PHI to start producing master line syncs, or wait for an external device to produce 
line syncs. 

8) Continue to download bands and process page and band headers for next page. 

1 0.3.6 Next page(s) download 

As for first page download, performed during printing of current page. 

10.3.7 Between bands 

When the finished band flags are asserted band related registers in the CDU. LBD and TE need to be re- 
progiMimed This can be via PCU commands from DRAM. Typically only 3-5 commands per decom- 
pression unit need to be executed. These registers can also be reprogrammcd directly by the CPU or by 
updating from shadow registers. The finished band flag interrupts to the CPU, tell tiie CPU that the area of 
memory associated with the band is now free. 

10.3.8 During page print 

Topically during page printing ink usage is communicated to the QA chips. 

1) Calculate ink printed (from PHI). 

2) Decrenient ink remaining (via QA chips). 

3) Check amount of ink remaining (via QA chips). This operation may be better performed while the 
page is being printed rather than at the end of the page. 

10.3.9 Page finish 

These operations are typically performed when the page is finished: 

1) Page finished interrupt occurs from PHI. Poll ISlSlaves for page finished interrupts. 

2) Shutdown the PEP blocks by de-asserting their Go registers in the suggested order in Table 13. This 
will set the PEP Unit state-machines to their startup states. 

3) Communicateinkusage to QA chips, if required. 

10.3.10 Start of next page 

These operations are typically performed before printing the next page: 

1) Re-program the PEP Units via PCU command processing from DRAM based on page header. 

2) Go to Start printing. 

10.3.11 End of document 

1) Stop motor control. This may be on an ISISlave SoPEC. 

10.3.12 Powerdown 

In this mode SoPEC is no longer p>owered- 

1) Instruct Host PC via USB that SoPEC system is about to power down. 

2) Instruct ISISlave SoPECs to powerdown. 

3) Powerdown ISIMaster SoPEC. 
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10.3.13 Sleep 



The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
[16]. 

1) Instruct Host PC via USB which parts of SoPEC system are about to sleep. 

2) Put defined SoPECs into defined sleep modes. 
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10-4 Normal operation in a Multi-SoPEC System - ISISlave SoPEC 

This section the outline typical operarion of an ISISlave SoPEC in a multi-SoPEC system. The ISIMaster 
can be another SoPEC or an ISI-Bridge chip. The ISISlave communicates with the Host via the ISIMaster. 
BufTer management in a SoPEC system is nonnally performed by the Host. 

10.4.1 Powerup 

Powerup describes SoPEC initialisation following an external reset or the watchdog timer system reset. 
A typical powerup sequence is: 

1) Execute reset sequence for complete SoPEC. 

2) CPU boot from ROM, 

. 3) Basic configuration ofCPU peripherals, SCB and DIU. DRAM initialisation. 

4) Download and authentication of program (see Section 10.5.3). 

5) Store reusable cryptographic residts in Power-Safe Storage (PSS). 

6) Execution of program from DRAM. 

7) Retrieve operating parameters from PRINTER^QA and authenticate operating parameters. 

8) SoPEC identification by sampling GPIO pins to determine iSIId. Communicate ISIId to ISIMaster. 

9) Download and authenticate any fiirther datasets. 

10.4.2 ISIwakeup 

The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
( 1 6]. Normally the CPU sub-system and the DRAM will be put in sleep mode but the SOB and power^safc 
storage (PSS) will still be enabled. 

Wakeup describes SoPEC recovery from sleep mode with the SCB and power-safe storage (PSS) still 
enabled: In an ISISlave SoPEC, wakeup can be initiated following an ISI reset from the SCB. 
A typical ISI wakeup sequence is: 

1) Execute reset sequence for sections of SoPEC in sleep mode. 

2) CPU boot from ROM, if CPU-subsystem was in sleep mode. 

3) Basic configuration of CPU peripherals and DIU, and DRAM initialisation, if required. 

4) Download and authentication of program using results in Power-Safe Storage (PSS) (see Section 
10.5.3). 

5) Execution of program from DRAM. 

6) Retrieve operating parameters from PRINTER^QA and authenticate operating parameters. 

7) SoPEC identification by sampling GPIO pins to determine ISIId. Communicate ISIId to ISIMaster. 

8) Download and authenticate any further dbro^ei;;. 

10.4.3 Print Initiarization 

This sequence is typically performed at the start of a print job following powerup or wakeup: 

1) Check amount of ink remaining via QA chips. 

2) Download static data e.g. dither matrices, dead nozzle tables from ISIMaster to DRAM. 

3) Check printhead temperature, if required, and configure printhead with firing pulse profile etc. 
accordingly. 

4) Initiate printhead pre-heat sequence, if required. 
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10.4.4 First page download 

Buffer management in a SoPEC system is normally performed by the Host via the ISIMastcr. 

1) Check DRAM space remaining is sufficient to download the first band. 

2) The Host downloads the first band (with the page header) to DRAM via the ISIMastcr. 

3) When the complete page header has been downloaded, process the page header, calculate PEP reg- 
ister commands and write directly to PEP registers or to DRAM. 

4) If PEP register commands have been written to DRAM, execute PEP commands from DRAM via 
PCU. 

Remaining first page bands download and processing: 

1 ) Check DRAM space remaining is sufficient to download the next band. 

2) The Host downloads the first band (with the page header) to DRAM via the ISIMastcr. 

3) When the complete band header has been downloaded, process the band header according to 
whichever band-related register updating mechanism is being used. 

10.4.5 Start printing 

1) Wait until at least one band ofthe first page has been downloaded. 

2) Start all the PEP Units by writing to their Go registers, via PCU commands executed from DRAM 
or direct CPU writes, in the order defined in Table 1 2. 

3) Print ready internipt occurs (from PHI). Communicate to ISIMastcr via ISIlin^ 

4) Start motor control, if attached to this ISISIave, when requested by ISIMastcr, if first page, other- 
wise feed n«ct page. This step coiild occur before the print ready interrupt 

5) Drive LEDS, monitor paper status, if on this ISISIave SoPEC, when requested by ISIMaster 

6) Wait for page alignment via page sensor(s) GPIO intemipt, if on this ISISIave SoPEC, and send to 
ISIMaster. 

7) Wait for line sync and conmience printing. 

8) Continue to download bands and process page and band headers for next page. 

10.4«6 Next page(s) download 

As for first band download, perfonned during printing of current page. 

10.4.7 Between bands 

When the finished band flags are asserted band related registers in the CDU, LBD and TE need to be re- 
programmed. This can be via PCU commands from DRAM. Typically only 3-5 commands per decom- 
pression unit need to be executed. These registers can also be reprogrammed directly by the CPU or by 
updating from shadow registers. The finished band flag interrupts to the CPU tell the CPU that the area of 
memory associated with the band is now firee. 

10.4.8 During page print 

Typically during page printing ink usage is commimicated to the QA chips, 

1) Calculate ink printed (from PHI). 

2) [>ecrement ink remaining (via QA chips). 

3) Check amount of ink remaining (via QA chips). This operation may be better performed while the 
page is being printed rather than at the end of the page. 
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10.4.9 Page finish 

These operations are typically performed when the page is finished: 

1) Page finished interrupt occurs fh>m PHI. Communicate page finished interrupt to ISIMaster. 

2) Shutdown the PEP blocks by de-asserting their Go registers in the suggested order in Table 13. This 
will set the PEP Unit state-machines to their startup states. 

3) Communicate ink usage to QA chips* if required. 

10.4.10 Start of next page 

These operations are typically performed before printing the next page: 

1) Re-program the PEP Units via PCU command processing from DRAM based on page header. 

2) Go to Start printing. 

10.4.1 1 End of document 

Stop motor control, if attached to this ISISiave, when requested by ISIMaster. 

10.4.12 Powerdown 

In this mode SoPEC is no longer powered. 

1) Powerdown ISISlave SoPEC when instructed by ISIMaster. 



10.4.13 Sleep 

Tt 

1) Put SoPEC into defined sleep modes. 



The CPU can put different sections of SoPEC into sleep mode by writing to registers in the CPR block 
[16]. 
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10.5 Security Use Cases 

I 

Please see the 'SoPEC Security Overview* [9] document for a more complete description of SoPEC secu- 
rity issues. The SoPEC boot operation is described in the ROM chapter of the SoPEC hardware design 
specification. Section 17.2. 

10.5.1 Communication with the OA chips 

Communication between SoPEC and the QA chips (i.e. INK_QA and PRJNTER_QA) will* take place on 
at least a per power cycle and per page basis. Communication with the QA chips has three principal pur- 
poses: validating the presence of genuine QA chips (i.c the printer is using approved consumables), valida- 
tion of the amount of ink remaining in the caxtridge and authenticating the operating parameters for the 
printer. After each page has been printed, SoPEC is expected to communicate the number of dots fired per 
ink plane to the QA chipset. SoPEC may also initiate decoy communications with the QA chips from time 
to time. 

Process: 

• When validating ink consumption SoPEC is expected to principally act as a conduit between the 
PRINTER_QA and rNK_QA chips and to take certain actions (basically enable or disable printing and 
repon status to Host PC) based on the result The communication channels are insecure but all traffic is 
signed to guarantee authenticity. 

Known Weaknesses 

• All conmiunication to the QA chips is over the LSS interfaces using a serial communication protocol. 
This is open to observation and so the communication protocol could be reverse engineered. In tiiis 
case both the PRINTER^QA and INK^QA chips could be replaced by impostor devices (e.g. a single 
FPGA) that successfiaiy emulated the commimication protocol. As this would require physical modifi- 
cation of each printer this is considered to be an acceptably low risk. Any messages that are not signed 

. by one of the symmetric keys (such as the SoPEC Jd^key) could be reverse engineered. The imposter 
device must also have access to the appropriate keys to crack the system. 

• If the secret keys in the QA chips arc exposed or cracked then the system, or parts of it, is compro- 
mised. 

Assumptions: 

[1] The QA chips arc not involved in the authentication of downloaded SoPEC code 

[2 ] The QA chip in the ink cartridge (INK.QA) does not direcdy affect the operation of the cartridge in 

any way i.e. it does not inhibit the flow of ink etc. 
13] The INK_QA and PRINTER^QA chips arc identical in their virgin state. They only become a 

INK^QA or PRINTER.QA after their FlashROM has been programmed. 



10.5.2 Authentication of downloaded code in a single SoPEC system 
Process: 

1) SoPEC identification by activity on USB end-points 2-4 indicates it is the ISIMaster. 

2) The program is downloaded to the embedded DRAM. 

3) the CPU calculates a SHA-1 hash digest of the downloaded program. 

4) The ResetSrc register in the CPR block is read to determine whether or not a power-on reset 
occurred. 

5) If a power-on reset occurred the signature of the downloaded code (which needs to be in a known 
location such as the first or last N bytes of the downloaded code) is decrypted using the Silverbrook 
public bootOkey stored in ROM. This decrypted signature is the expected SHA-l hash of the 

accompanying program. The encryption algorithm is likely to be a public key algorithm such as 
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RSA- If a power-on reset did not occur then the expected SHA-1 hash is retrieved from the PSS and 
the compute intensive decryption is not required. 

6) The calculated and expected hash values arc compared and if they match then the programs authen- 
ticity has been verified. 

7) If the hash values do not match then the Host PC is notified of the failure and software may decide 
to put the SoPEC device into powerdown mode. 

8) If the hash values match then the CPU starts executing the downloaded program, 

9) If. as is very likely, the downloaded program wishes to download subsequent programs (such as 
OEM code) it is responsible for ensuring the authenticity of everything it downloads. The down- 
loaded program may contain public keys that are used to authenticate subsequent downloads, thus 
forming a hierarchy of authentication. The SoPEC ROM does not control these authentications - it 
is solely concerned with verifying that the first program downloaded' has come from a trusted 
source. 

10) At some subsequent point OEM code starts executing. The SU verbiook supervisor code acts as an 
O/S to the OEM user mode code. The OEM code must access most SoPEC functionality via system 
calls to the Silverbrook code. 

1 l)Thc OEM code is expected to perform some simple •turn on the lights' tasks after which the Host 
PC is informed that the printer is ready to print and the Start Printing use case comes into play. 
Known Weaknesses: 

• If the Silveibrook private bootOkey is exposed or cracked then the system is seriously compromised. A 
ROM mask change would be required to reprogram the bootOkey. 

10.5.3 Authentication of downloaded code in a muftUSoPEC system 

10.5.3.1 iSMaster SoPEC Process: 

1) SoPEC identification by activity on USB end-points 2-4 indicates it is the ISIMaster. 

2) The SCB is configured to broadcast the data received from the Host PC. 

3) The program is downloaded to the embedded DRAM and broadcasted to all ISISlave SoPECs over 
thelSL • 

4) The CPU calculates a SHA-1 hash digest of the downloaded program, 

5) The ResetSrc register in the CPR block is read to determine whether or not a power-on reset 
occurred. 

6) If a power-on reset occurred the signature of the downloaded code (which needs to be in a known 
location such as the first or last N bytes of the downloaded code) is decrypted using the Silverbrook 
public bootOkey stored in ROM. This decrypted signature is the expected SHA-1 hash of the 
accompanying program. The encryption algorithm is likely to be a public key algorithm such as 
RSA. If a power-on reset did not occur then the expected SHA-l hash is retrieved from the PSS and 
the compute intensive decryption is not required. 

7) The calculated and expected hash values are compared and if they match then the programs authen- 
ticity has been verified. 

8) If the hash values do not match then the Host PC is notified of the failure and software may decide 
to put the SoPEC device into powerdown mode. 

9) If the hash values match then the CPU starts executing the downloaded program. 

10) It is likely that the downloaded program will poll each ISISlave SoPEC for the result of its authenti- 
cation process and to determine the number of slaves present 

1 1) If any slave reports a failed authentication then the ISIMaster communicates this to the Host PC and 
puts itself into powerdown mode. 
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12) If all ISISIaves report successful authentication then the downloaded program is responsible for the 
downloading, authentication and distriburion of subsequent programs within the multi>SoPEC sys- 
tem. 

13) At some subsequent point OEM code starts executing. The Silverbrook supervisor code acts as an 
0/S to the OEM user mode code. The OEM code must access most SoPEC functionality via system 
calls to the Silverbrook code. 

14) The OEM code is expected to perform some simple 'turn on the lights' tasks after which the master 
SoPEC determines that all SoPECs are ready to print. The Host PC is informed that the printer is 
ready to print and the Start Printing use case comes into play. 



10.5.3.2 iSiSiave SoPEC Process: 

1) When the CPU comes out of reset the SCB should still be in slave mode, and the SCB is already 
configured to receive data from the ISIMaster. 

2) The program is downloaded to embedded DRAM. 

3) The CPU calculates a SHA-1 hash digest of the downloaded program. 

4) The ResetSrc register in the CPR block is read to determine whether or not a power-on reset 
occurred 

5) If a power-on reset occurred the signature of the downloaded code (which needs to be in a known 
location such as the first or last N bytes of the downloaded code) is decrypted using the Silverbrook 
public bootOkey stored in ROM. This decrypted signature is the expected SHA-1 hash of the 
accompanying program. The encryption algorithm is likely to be a public key algorithm such as 
RSA. If a power-on reset did not occur then the expected SHA-1 hash is retrieved from the PSS and 
the compute intensive decryption is not required 

6) The calculated and expected hash values are compared and if they match then the programs authen- 
ticity has been verified 

7) If the hash values do not match, then the ISISlave device will await a new program again, eventu- 
ally timing out and powering down. 

8) If the hash values match then the CPU starts executing the downloaded program. 

9) It is likely that the downloaded program will commimicate the result of its authentication process to 
the ISIMaster. The downloaded program is responsible for determining the SoPECs ISIId, receiving 
and authenticating any subsequent programs. 

10) At some subsequent point OEM code starts executing. The Silverbrook supervisor code acts as an 
O/S to the OEM user mode code. The OEM code must access most SoPEC functionality via system 
calls to the Silverbrook code. 

1 1) The OEM code is expected to perform some simple 'turn on the lights* tasks after which the master 
SoPEC is informed that this slave is ready to print. The Start Printing use case then comes into play. 

Known Weaknesses 

• If the Silverbrook private bootOkey is exposed or cracked then the system is seriously compromised 

• ISI is an open interface i.c, messages sent over the ISI are in the clear. The communication channels 
are insecure but all traffic is signed to guarantee authenticity. As all conununication over the ISI is con- 
trolled by Supervisor code on both the ISIMaster and ISISlave then this also provides some protection 
against software attacks. 



Doc: SoPEC^hardware.design S3 Proprietary Document 29 Nov 2002 

^^^'^"^^-^ Page 59 




SoPEC : Hardware Design 



10.5.4 Authentication and upgrade of operating parameters for a printer 

The SoPEC IC will be used in a range of printers with different c^abilities (e.g. A3/A4 printing, printing 
speed, resolution etc). It is expected that some printers will also have a software i^)grade capability which 
would allow a user to purchase a license that enables an upgrade in their printer's ca^abUities (such as 
print speed). To facilitate this it must be possible to securely store the operating parameters in the 
PRINTER^QA chip, to securely communicate these parameters to the SoPEC and to securely reprogram 
the parameters in the event of an upgrade. Note that each printing SoPEC (as opposed to a SoPEC that is 
only used for the storage of data) will have its own PRINTER_QA chip (or at least access to a 
PRINTER_QA that contains the SoPEC's SoPEC.id.kcy). Therefore both ISIMaster and ISISlave 
SoPECs will need to authenticate operating parameters. 

Process: 

1) Program code is downloaded and authenticated as described in sections 10.5.2 and 10.5.3 above. 

2) The program code has a function to create the SoPEC Jd_key from the unique SoPEC Jd that was 
programmed when the SoPEC was manufactured. 

3) The SoPEC retrieves the signed operating parameters from its PRINTER_QA chip. The 
PRINTER^QA chip uses the SoPECJd.key (which is stored as part of the pairing process exe- 
cuted during printhead assembly manufacture & test) to sign the operating parameters which are 
appended with a random number to thwart replay attacks. 

4) The SoPEC checks the signattire of the operating parameters using its SoPECJd.key. If this signa- 
ture authentication process is successful then the operating parameters are considered valid and the 
overall boot process continues. If not the error is reported to the Host PC. 

5) Operating parameters may also be set or upgraded using a second key, the PrintEngineLicenseJcey 
which is stored on the PRINTER.QA and used to authenticate the change in operating parametere.' 

Known Weaknesses: 

• It may be possible to retrieve the unique SoPEC^id by placing the SoPEC in test mode and scanning it 
out. It is certainly possible to obtain it by reverse engineering the device. Either way the SoPEC^id 
(and by extension the SoPECJd^kcy) so obtained is valid only for that specific SoPEC and so printers 
may only be compromised one at a time by parties with the appropriate specialised equipment. Fur- 
thermore even if the SoPEC Jd is compromised, the other keys in the system, which protect the 
authentication of consumables and of program code, are unaffected. 
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10.6 



Miscellaneous Use Cases 



There are many miscellaneous use cases such as the following examples. Software running on the SoPEC 
CPU or Host will decide on what actions to take in these scenarios. 



1) Disconnect of a QA chip between documents or if ink runs out mid-document. 

2) Re-connect of a QA chip once authenticated e.g. ink cartridge replacement should allow the system 
to resume and print the next docimient 



10.6.2 Page arrives before print ready interrupt. 

1) Engage clutch to stop paper until print ready intcnupt occurs. 

10.6.3 Oead-nozzle table upgrade 

This sequence is typically performed when dead nozzle infonnation needs to be updated by performing a 



printhead dead nozzle test. 

1) Run piinthead nozzle test sequence 

2) Either Host or SoPEC CPU converts dead nozzle infonnation into dead nozzle table. 

3) Store dead nozzle table on Host. 

4) Write dead nozzle table to SoPEC DRAM. 



10.6.1 



Disconnect / Re-connect of QA chips. 
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10.7 



Failure Mode Use Cases 



10.7.1 



System errors and security violations 



System errors and security violations are reported to the SoPEC CPU and Host. Software runjiing on the 
SoPEC CPU or Host will then decide what actions to take. 

Silverbrook code authentication failure. 

1) Notify Host PC of authentication failure. 

2) Abort print run. 

-OEM code authentication failure. 

1) Notify Host PC of authentication failure. 

2) Abort print nin. 

Invalid QA chip(s). 

1) Report to Host PC. 

2) Abort print nm. 

NfMU security violation interrupt. * 

1) This is handled by exception handler. 

2) Report to Host PC 

3) Abort print run. 

Invalid address interrupt from PCU. 

1) This is handled by exception handler. 

2) Report to Host PC. 

3) Abort print run. 

Watchdog timer interrupt. 

1) This is handled by exception handler. 

2) Report to Host PC. 

3) Abort print run. 

Host PC does not acknowledge message that SoPEC is about to power down. 
1) Power down anyway. 



Printing errors are reported to the SoPEC CPU and Host Software running on the Host or SoPEC CPU 
will then decide what actions to take. 



Insufficient space available in SoPEC compressed band-store to download a band 
1) Report to the Host PC. 

Insufficient ink to print. 
1) Report to Host PC. 

Page not downloaded in time while printing. 

1) Buffer undemm interrupt will occur, 

2) Report to Host PC and abort print run. 

JPEG decoder error interrupt. 
1) Report to Host PC. 



10.7.2 Printing errors 
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CPU Subsystem 
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11 Central Processing Unit (CPU) 

11.1 Overview 

The CPU block consists of the CPU core, MMU. cache and associated logic. The principal tasks for the 



program ninning on the CPU to fulfill in the system are: I 
Communications: i 

• Control the flow ofdata from the USB interface to the DRAM and ISI { 

• Communication with the host via USB or ISI ; 

• Running the USB device driver [ 
PEP Subsystem Control: | 

• Page and band header processing (may possibly be performed on host PC) 

• Configure printing options on a per band, per page, per job or per power cycle basis 

• Initiate page printing operation in the PEP subsystem 

• Retrieve dead nozzle infonnation from the printhcad interfece (PHI) and forward to the host PC 

• Select the appropriate firing pulse profile trom a set of pxedefincd profiles based on the printhcad 
characteristics 

• Retrieve prindiead temperature via the PHI 
Security: 

• Authenticate downloaded program code and printer operating parameters 

• Authenticate consumables via the PRINTER^QA and INK^QA chips 

• Monitor ink usage 

• Isolation of OEM code from direct access to the system resources 
Other: 

• Drive the printer motors using the GPIO pins 

• Monitoring the status of the printer (paper jam. tray empty etc.) 

• Driving front panel LEDs 

• Perform post-boot initialisation of the SoPEC device 

• Memory management Qikely to be in conjunction with the host PC) 

• Miscellaneous housekeeping tasks 

To control the Print Engine Pipeline the CPU is required to provide a level of performance at least equiva^ 
lent to a 16-bit Hitachi H8-3664 microcontroUer running at 16 MHz. An as yet undetermined amount of 
additional CPU performance is needed to perform the other tasks. The extra performance required is dom- 
mated by the signature verification task and the SCB (including the USB) management task. An operating 
system is not required at present. A number of CPU cores have been evaluated and the LEON P1754 is 
considered to be the most appropriate solution. A diagram of the CPU block is shown in Figure 15 below 
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AHB Controller 



AHB Interface 



LEON Core 



CACHE 
&MMU 



Address 
Decoder 



Realtime 

Debug 

Unit 



03 



cpu_adr(21:0] 
cpu.dataout[31:0] 

dram cpu_data(255.*0] 

cpu_aiu_rreq 

diu_cpu_rack 

diu_cpu_rvalid 

cpu_diu_wreq 

diu_cpu__wa« 

cpu_diu_wva!id 

cpu_dlu.wmask(1 K>] 

cpu_acode[1:0] 

cpu rwn 

cpu_cpr_seJ 

cpr^cpu rdy 

cpLcpu_data(31 :0] 

cpujpio_sel 

gpio_cpu_rdy 

gpio_cpu_data(31 :0] 

cpujcu^sel 

lcu_cpu_rdy 

icu cpu_dataT31:01 

Iss_cpu_datat31 rO] 

cpu_pcu_sef 

pcu^pu_rdy 

pcu_cpu_datat31 :0] 

cpti_scb_ser 

sco_cpu_rdy 

scb_cpu_data(31 .-Ol 

cpu_tim_sel 

tjm_cpu_rdy 

tjni_cpu_datat31 :0] 

cpu_rom_SBl 

rom_cpu_rdy 

roni_;cpu_data[31 K)] 

cpu Dss.sal 

pss_icpu_rdy 

pss_cpu_data(31 :0] 

cpu_dlu_sel 

d]u_cpu_rdy 

diu_cpu_data(3 1 X)) 

diu^cpuJbeiT 

pss.cpu.berr 

fOfn_cpu_bejT 

tlm_cpu_berr 

scb_cpu_beiT 

pcu^cpu^berr 

lss_cpu_berr 

lcu_cpo_berT 

flpio_cpu_beiT 

cpr^cpujberr 

dlu_cpu_debug_valid 

tim_cpu_debug_vaJid 

scb_cpu_debug_yalid 

pcu_cpu_dcbug_vaJId 

lss_cpu_debug_va.Iid • 

icu_cpu_debtjg_vailid 

gpio_cpu_debug_valid 

cpf_cpu_debug_valid 



-> debug_data_oul(1 SiOJ 
->> debug_data_valid 
debug_cnul[19:01 



prsUn 
pclk 

Icu_cpujlevell3:01 
cpu.iack 

cpu_icu_Hevel(3K}] 



Figure 15. CPU block diagram 
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I 11.2 Definitions of i/Os 

I Table 1 4. CPU Subsystem 1/Os 



Clocks and Resets 



prst^Q 


1 


In 


Glolial reset. Synchronous to pdk, active low. 


perk 


1 


In 


Global ck>ck 


CPU to DIU DRAM Interface 


cpu.adr[21 :0] 


22 


Out 


Address bus for tx)th ORAM and peripheral access 


cpu_dataout[31:0] 


32 


Out 


Data out to both ORAM and peripheral devices. This shouW be 
driven at the same time as the cpu^adr&ntS request signals. 


d ram_cpu.data(255:0] 


256 


In 


Read data from the DRAM 


cpu_diu_rreq 




Out 


Read request to the DIU ORAM 


dlu_cpu_rack 




In 


Acknowledge from DIU that read request has been accepted. 


diu_cpu_fvand 




In 


Signal from DIU tetiing SoPEC Unit that valkJ read data is on the 
dram^cpu^data bus 


cpu_diu_wreq 




Out 


Write request to the OIU 


dtu_cpu_wack 




In 


Acknowledge from the DIU that the write request has been 
accepted 


cpu_diu_wvalid 


1 


Out 


Signal from the CPU to the DIU fncTicatlng that the data currently on 
the cp{/_(/a£ao(/f bus Is valid 


cpujdiu_wmask(1 :0) 


2 


Out 


Flag indicating format of CPU write to DRAM 
cpu^diu^wmask « 00: SrbW write 
' cpu^diu_wma$k s 01 : 1 64)it write 
cpujdiu_wmask- 10: 32-fact write 
cpujdiu_}Mnask =11: reserved 

cpu_adil2K>] are driven In accordance with the width of the data 
access indteated by cpujdiu^wmask. Addresses cannot cross a 
256-Wt word DRAM boundary. 


CPU to peripheral blocks 


cpu^iwn 


1 


Out 


Common read/not-^rite signal from the CPU 


cpu.«code(1.-0] 


2 


Out 


CPU access code eignaJs. 

cpu.aoode(0] - Program (0) / Data (1) access 

cpu_acode[1] - User (0) / Supervisor (1) access 


cpu_cpr_8el 


1 


Out 


CPR btock select. 


cpr_cpu_rdy 


1 


In 


Ready signal to the CPU. When cpr_cpe/.nay is high it Indicates the 
last cyde of the access. For a write cycle this means cpu^daiaout 
has been registered by the CPR block and for a read cyde this 
means the data on c(>rjcpu_data Is valid. 


cpr-jcpu_t)€rr 


1 


In 


CPR bus en-or signal to the CPU. 


cpr_cpu_data(31 :0J 


32 


In 


Read data bus from the CPR bk>ck 


cpu^pto.sel 


1 


Out 


GPIO bk>ck select 


gpio_cpu_rdy 


1 


In 


QPIO ready signal to the CPU. 


9P«>-jCpu_berr 


1 


In 


GPIO bus error signal to the CPU. 


0pk>_C|Mi.ciata[31 :0} 


32 


In 


Read data bus froxn the GPIO block 


cpujcu^sel 


1 


Out 


ICU block select. 


lcu_cpu_rdy 


1 


In 


ICU ready signal to the CPU. 


icu_cpu_berr 


1 


In 


ICU bus enror signal to the CPU. 


^ jcpu_data(3 1 :0} 


32 


In 


Read data bus from the ICU block 
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Table 14. CPU Subsystem l/Os 







MM 






- ^ 


Out 


LSS block select 




- ^ 


In 


. LSS ready signal to the CPU. 






In 


LSS bus error signal to the CPU. 




32 


In 


Read data bus from the LSS block 


CpU_pCil_S6l 




Out 


PCU block select 


pcu_cpu_rdy 


- ^ ..... 


In 


PCU ready signal to the CPU. 


pcu_cpu_bef7 




In 


PCU bus error signal to the CPU, 


pcu_cpu_data[31 :0J 


32 


In 


Read data bus from the PCU block 


cpu.scb^sel 




Out 


SCB biock sdect 


scb_cpu_rcJy 




In 


SCB ready signal to the CPU. 


scb_cpu_berr 




in 


SCB bus error signal to the CPU. 


^.cpu_data(31 .-0] 


32 


In 


Read data bus from the SCB bk>ck 


cpu_tim_sel 




Out 


Timers Wock select. 


tjm_cpu_rdy 




In 


Timers block ready signal to the CPU. 


tim_^cpu_berr 




In 


Timers bus error sIgnaJ to the CPU. 


tim_cpu_data(31 .-0] 


32 


In 


Read data bus from the Timers block 


cpu.rom^sel 




Out 


ROJM block select 


fom_cpu_rdy 




In 


ROM bk>ck ready signal to the CPU. 


rom_cpu_berr 




In 


ROM bus error signal to the CPU. 


rom.cpu jdata(31 :0J 




In 


Read data bus from the ROM block 






Out 


PSS bkxdc select 


pss_cpu_rdy 




In 


PSS block ready signal to the CPU. 


ps8_cpu_b6rr 




In 


PSS bus error signal to the CPU. 


pss.cpu.data(31 lO] 




In 


Read data bus from the PSS btock 


cpu_diu_8el 




Out 


OIU register block select 


diu.cpu_rdy 




In 


OIU register block ready signal to the CPU. 


diu_cpu.berr 




In 


DIU bus error signal to the CPU. 


dlu.cpu_data(31X)] 


32 


In 


Read data bus from the 0(U block 


(ntemipt signals 


icu^cpu Jlevel(3 K)] 


3 


In 


An interrupt Is asserted by driving the appropriate priority level on 
icu_cpu_ll0veL These signals must remain asserted untP the CPU 
executes an Interrupt acknowledge cycle. 


cpu.icuJleveJ[3:0] 


3 


Out 


Indicates the level of the Interrupt the CPU is acknowledging when 
cpu_iackl3 high 


cpujack 


1 


Out 


Interrupt acknowledge signat The exact timing depends on the 
CPU core implementation 


Debug signals 




diu.cpu.debug_valld 


1 


In 


Signal indteating the data on the diujcpujaata bus is valkl debug 
data. 


tim^cpu.debugLvaltd 


1 


In 


Signal Indicating the data on the Urn cpu data bus is valid debug 
data. 


scb_cpu_debug_valid 


1 


In 


Signal indicating the data on the scb cpu data tHis Is vaBd debug 
data. 
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pcu.cpu.debugLvalld 


•J 


In 


Sign^J indicating the data on tho pcu_cpu_(Uit& bus is va!id debug 
data. 


tes_cpu.debug_valid 


1 


In 


Signal indicating the data on the Iss^cpu^data bus is vafid debug 
data. 


icu.cpu_debug_valld 


1 


In 


Signal indicating the data on the icu^cpu^data bus is valid debug 
data. 


gpto_cpu_detxfg_valid 


1 


In 


Signal indicating the data on the gpio_cpu_<fata bus is valid debug 
data. 


cpr_cpu_debug_valid 


1 


In 


Signal indicating the data on the cpr^cpu_data bus is valid debug 
data. 


detMjg.data_out 


16 


Out 


Output debug data to t>e muxed on to the PHI pins 


debugjdata_vafid 


1 


Out 


Debug valid signal indicating the validity of the data on 
debug_,data^out. This signal is used in alt debug configurations 


debug.cntrl 


20 


Out 


Control signal for eacti PHI bound debug data line indicating 
whether or not the debug data should be selected by ttie pin mux 



11.3 Realtime requirements 

The SoPEC realtime requirements have yet to be fully determined but they may be split into three catego- 
ries: hard, firm and soft 

1 1.3.1 Hard realtime requirements 

Hard requirements are tasks that must be completed before a certain deadline or failure to do so will result 
in an error perceptible to the user (printing stops or functions incorrectly). There are three hard realtime 
tasks: 

• Motor control: The motors which feed the paper through the printer at a constant speed during 
printing are driven directly by the SoPEC device. Four periodic signals with different phase rela- 
tionships need to be generated to ensure the paper travels smoothly through the printer. The genera- 
tion of these signals is bandied by the GPIO hardware (see section .13.2 for more details) but the 
CPU is responsible for enabling these signals (i.e. to start or stop the motors) and coordinating the 
movement of the paper with the printing operation of the printhead. 

• Buffer management: Data enters the SoPEC via the SCB at an uneven rate and is consumed by the 
PEP subsystem at a different rate. The CPU is responsible for managing the DRAM buffers to 
ensure that neither overrun nor tmderrun occur. This buffer management is likely to be performed 
under the direction of the host. 

• Band processing: In certain cases PEP registers may need to be updated between bands. As the tim- 
ing requirements are most likely too stringent to be met by direct CPU writes to the PCU a more 
likely scenario is that a set of shadow registers will programmed in the compressed page imits 
before the current band is finished, copied to band related registers by the finished band signals and 
the processing of the next band will continue insmediately. An alternative solution is that the CPU 
will construct a DRAM based set of commands (see section 21 .8,5 for more details) that can be exe- 
cuted by the PCU. The task for the CPU here is to parse the band headers stored in DRAM and gen- 
erate a DRAM based set of commands for the next number of bands. The location of the DRAM 

. based set of conrunands must then be written to the PCU before the current band has been processed 
by Ae PEP subsystem. It is also conceivable (but currently considered unlikely) that the host PC 
could create the DRAM based commands. In this case the CPU will only be required to point the 
PCU to the correct location in DRAM to execute commands from. 
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11.3,2 Firm requirements 

Firm requirements are tasks that should be completed by a certain time or failure to do so will result in a 
degradation of performance but not an error. The majority of the CPU tasks for SoPEC fall into this cate- 
goiy including all interactions with the QA chips, program authentication, page feeding, configuring PEP 
registers for a page or job, determining the firing pulse profile, commiuiication of printer status to the host 
over the USB and the monitoring of ink usage. The authentication of downloaded programs and messages 
will be the most compute intensive operation tiie CPU will be required to perform. Initial investigations 
indicate that the LEON processor, nmning at 160 MHz, will easily perform Uiree authentications in under 
a second. 



Table 1 5. Expected f fmi requirements 






Power-on to start of printing first page [USB and slave SoPEC enumeration. 3 or more 
RSA signature verifications, code and connpressed page data download and chip inrtiati- 
sation] 


~ 8 sees 7? 


Wake-up from sleep mode to start printing {3 or more SHA-1 operations, code and com- 
pressed page data download and chip re-inltialisation 


- 2 sees 


Authenticate ink usage In the printer 


-0.5 sees 


OetermJning firing pulse profife 


- 0.1 sees 


Page feeding, gap between pages 


OEM dependent 


Convnunlcatton of printer status to host PC 


~ 10ms 


Configuring PEP registers 


7? 



1 1 .3.3 Soft requirements 

Soft requirements are tasks that need to be done but there are only light time constraints on when they need 
to be done. These tasks are performed by the CPU when there are no pending higher piiority tasks. As the 
SoPEC CPU is expected to be lightiy loaded these tasks will mostly be executed soon after they are sched- 
uled. 



11.4 Bus Protocols 

As can be seen from Figure 15 above there are difterent buses in the CPU block and different protocols are 
used for each bus. There are three buses in operation: 

11.4.1 CPU core to cache/MMU bus 

This is the native bus of the CPU core. See section 1 1.6.6.1 for more details. Timing and full signal details 
should be provided in the documentation accompanying this core, 

11.4.2 Cache/MMU to DIU bus 

This bus conforms to the DIU bus protocol described in Section 20.13.2, Note that the address and data 
buses are shared with the peripheral bus. The effective bus width differs between a read (256 bits) and a 
write (32/16/8 bits) and only the bottom 32 bits of the bus are shared with the peripheral bus. As certain 
CPU instructions may require byte write access this will need to be supported in the DIU, See section 
1 1.6.6.2 for more details. 
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11.4.3 CPU Subsystem Bus 

For access to the on-chip peripherals a simple bus protocol is used. The MMU must first determine which 
particular block is being addressed (and that the access is a valid one) so that the appropriate block select 
signal can be generated. During a write access CPU write data is driven out with the address and block 
select signals in the first cycle of an access. The addressed slave peripheral responds by asserting its ready 
signal indicating that it has registered the write data and the access can complete. The write data bus is 
I common to all peripherals and is also used for CPU writes to the embedded DRAM. A read access is initi- 

ated by driving the address and select signals during the first cycle of an access. The addressed slave 
responds by placing the read data on its bus and asserting its ready signal to indicate to the CPU that the 
read data is valid. Each block has a separate point-to-point data bus for read accesses to avoid the need for 
a tri-stateable bus. 

All peripheral accesses are 32-bit. Support for byte or 16-bit accesses may be added if requited by an 
imported IP block such as the USB controller. The use of the ready signal allows the accesses to be of vari- 
able length. In most cases accesses will complete in two cycles but three or four (or more) cycles accesses 
are likely for PEP blocks or IP blocks v^rith a different native bus interface. All PEP blocks are accessed via 
the PCU which acts as a bridge. The PCU bus uses a similar protocol to the CPU subsystem bus but with 
the PCU as the bus master. 

The duration of accesses to the PEP blocks is influenced by whether or not the PCU is executing com- 
mands from DRAM. As these commands are essentially register writes the CPU access will need to wait 
until the PCU bus becomes available when a register access has been completed. This could lead to the 
CPU being stalled for up to 4 cycles if it attempts to access PEP blocks while the PCU is executing a com- 
mand. The size and probability of this penalty is sufficiently small to have any significant impact on per- 
formance. 

In order to support user mode (i.e. OEM code) access to certain peripherals the CPU subsystem bus prop- 
agates the CPU fimction code signals icpu^acodefJ :Ojy These signals indicate the type of address space 
(i.e. User/Si^ervisor and Program/Data) being accessed by the CPU for each access. Each peripheral must 
determine whether or not the CPU is in the correct mode to be granted access to its registers and in some 
cases (e.g. Timers and GPIO blocks) different access permissions can apply to different registers within 
the block- If the CPU is not in the correct mode then the violation is flagged by asserting the block's bus 
error signal {block_cpuJ>err) with the same timing as its ready signal (Jblock^cpu^rdy) which remains 
deasserted. When this occurs invalid read accesses should return 0 and write accesses should have no 
effect 

Figure 16 shows two examples of the peripheral bus protocol in action. A write to the LSS block from 
code running in supervisor mode is successfully completed This is immediately followed by a read from a 
PEP block via the PCU from code running in user mode. As this type of access is not permitted the access 
is terminated with a bus error. The bus error exception processing then starts directly after this - no further 
accesses to the peripheral should be required as the exception handler should be located in the DRAM. 

Each peripheral acts as a slave on the CPU subsystem bus and its behavior is described by the state 
machine in section 1 1.4.3.1 
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i3 



pclk 



cpu_adr(21:0] LSS address 

cpu.rwn 



1 



cpu_acode[1:0J ^^^^ SupvrPata 
cpujss.sel 



lss_cpu_rdy 



lss.cpu_berr 



PEP address ^'^^ Supeivisor staci) 



User Data |^^^ SupvrPata [ 



cpu_pcu_sel 

pcu.cpu^berr 
pcu_cpu_rdy 



1 



J — L 



pcu_cpu_data[31:0] |^;^^^^^^^^^S^^^^ 0x0000,0000 "] 

Figure 16. CPU bus transactions 

f 14.3. i CPU subsystem bus slave state machine 

CPU subsystem bus slave operation is described by the state maciiine in Figure 17, This state machine 
will be implemented in each CPU subsystem bus slave. The only new signals mentioned here are the 
vaiid^access and reg^avaiiable signals. The valid_access is detcraiined by comparing the cpu_acode 
value with the block or register (in the case of a block that allow user access on a per register basis such as 
the GPIO block) access permissions and asserting vaiidjaccess if the permissions agree with the CPU 
mode. The reg_avaiiable signal is only required in the PCU or in blocks that are not capable of two-cycle 
access (e.g. blocks containing imported IP with different bus protocols). In these blocks the reg^avaiiable 
signal is an internal signal used to insert wait states (by delaying the assertion of block^cpu^rdy) until the 
CPU bus slave interface can gain access to the register. 

When reading from a register that is less than 32 bits wide the CPU susystems bus slave should return 
zeroes on the unused upper bits of the block_cpu_data bus. 

To support debug mode the contents of the register selected for debug observation, debugjreg^ are always 
output on the block_cpu_data bus whenever a read access is not taking place. See section 1 1.8 for more 
details of debug operation. 
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blocK^Gpu.rdy « 0 
blodKjcpuJbGTT o 0 
btocK-Cpu_data = detHi8_r6g_data 
blod(^Gpu_debug.veid » 1 



cou Mo 
block_cpo_data = recudata 
btock_cpti_debug_valid 



blooK, cpuj 
MocK.qpu_dB a " 




blocK.q9UL.bonr a 0 



Figure 17. Stale machine for a CPU subsystem slave 

11.5 LEON CPU 

The LEON processor is an open-source implementation of the IEEE-1754 standard (SPARC V8) instruc- 
tion set. LEON is available from and actively siqjpoited by Gaisler Research (www.gaisler.com). 
The following features of the LEON-2 processor will be utilised on SoPEC: 

• IEEE-1754 (SPARC V8) compatible integer unit with S-stage pipeline 

• Separate instruction and data cache (Harvard architecure) 

• Set-associative caches: 1-4 sets, 1-64 kbyte/set Random, LRR or LRU r^lacement. Direct 
mapped cacches are also available and are the more likely option for SoPEC. 

• Full implementation of AMBA-2.0 AHB on-chip bus 

• Power-down mode 

The standard release of LEON incorporates a number of peripherals and support blocks which will not be 
included on SoPEC. The LEON core as used on SoPEC will consist of: 1) the LEON integer unit, 2) pos- 
sibly the instruction and data caches (cuircntly under review), 3) the cache control logic (to be signifi- 
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cantly reduced by optimisation if the caches are not used). 4) the AHB interface and 5) possibly the AHB 
controller (although this Amctionality may be implemented in the LEON Bridge). 

The version of the LEON database that the SoPEC LEON components will be sourced from is LEON2- 
1.0.8 although later versions may be used if they offer worthwhile functionality or bug fixes that affect the 
SoPEC design. Note that if the LEON caches are not used then we may revert to vl.0.7 of the database as 
the cache control logic is likely to be simpler and easier to optimise away (vl.0.8 introduced support for 
set-associative caching) 

The LEON core will be clocked using the system clock, pclk, and reset using the prst_n _jsectionpJ signal. 
The ICU will assert all the hardware interrupts using the protocol described in section 1 1 .9. The particular 
types of SRAMs (for LEON caches) and register files used will be determined during the implementation 
phase. The LEON hardware multipliers are notexpected to be required. Furthermore it is anticipated that 
SoPEC will use the recommended 8 register window configuration 

Further details of the SPARC V8 instruction set and the LEON processor can be found in [32] and [331 
respectively. 

1 1 .6 Memory Management Unit (MMU) 

Memory Management Units are typically used to protect certain regions of memory from invalid accesses, 
to perform address translation for a virtual memory system and to maintain memory page status (swapped- 
in, swapped-out or unmapped) 

The SoPEC MMU is a much simpler affair whose function is to ensure that all regions of the SoPEC mem- 
ory map are adequately protected. The MMU does not support virtual memory and physical addresses are 
used at all times - the one exception to this is the address translation of the reset vector. The SoPEC MMU 
supports a fiill 32-bit address space. A proposed memory map is shown in Figure 18 below. 

The MMU selects the relevant bus protocol and generate the appropriate control signals depending on the 
area of memory being accessed. The MMU is responsible for performing the address decode and genera- 
tion of the appropriate block select signal as well as the selection of the correct block read bus during a 
read access. The MMU will need to support all of the bus transactions the CPU can produce including 
interrupt acknowledge cycles, aborted transactions etc. 

When an MMU error occurs (such as an attempt to access a si^ervisor mode only region when in user 
mode) a bus error is generated. While the LEON can recognise different types of bus error (e.g. data store 
error, instruction access error) it appears to handle them in the same manner as it handles all ttzps i.e it will 
transfer control to a trap handler. No extra state information appears to be stored because of the nature of 
the trap.The location of the trap handler is contained in the TBR (Trap Base Register). This is the same 
mechanism as is used to handle interrupts. Further investigarion is needed to determine exactly how LEON 
behaves when a bus error type txzp occurs to determine the best approach to handling bus errors. It may be 
simplest to just treat them as the highest priority interrupt 
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Accesses in this 
area are not 
allowed and 
result in a bus 
error exception. 



Accesses in this 
area are via the 
CPU bus and are 
controlled by 
permissions set in ^ 
each peripheral. 



Accesses in this 
area are via the 
DIU bus and are 
controlled by 
permissions set In) 
the MMU. 




OxFFFF FFFF 



PCU Mapped Registers 



Peripheral Registers 



ROM 



DRAM 



0X002A..C000 
OxOO2A_O00O 
0x0029^0000 
0x0028^0000 




ORAM 
Regions 



0x0000^0000 



Figure 18, Proposed SoPEC CPU memory map (not to scale) 

1 1.6.1 CPU-bus peripherals address map 

The address mapping for the peripherals attached to the CPU-bus is shown in Table 16 below. The MMU 
performs the decode of the high order bits to generate the relevant cpu^block^select signal. Apart from the 
PCU, which decodes the address space for the PEP blocks, each block only needs to decode as many bits 
of cpu^adrf II :2J as required to address all the registers within the block. 

Table 16. CPU-bus peripherals address map 







MMU.base 


0x0029_0000 


TIM.base 


0x0029.1000 


LSS_base 


0x0029.2000 


GPIO_base 


0x0029.3000 


SCB.base 


0x0029.4000 


ICU.base 


0x0029.5000 


CPR^base 


0x0029.6000 


BOM.base 


0x0029.7000 


DIU_t>a8e 


0x0029.8000 


PSS.base 


0x0029.9000 
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Table 16. CPU-bus peripherals address map 







Reserved 


0x0029 J^OOO to (MQ2BJFFFP 


PCU_base 


Ox002A^000O 



11.6.2 DRAM Region Mapping 

The embedded DRAM is broken into 8 regions, with each region defined by a lower and upper bound 
address and with its own access permissions. 

The association of an area in the DRAM address space with a MMU region is completely under software 
control. Table 17 below gives one possible region mapping. Regions should be defined according to their 
access requirements and position in memory. Regions that share the same access requirements and that are 
contiguous in memory may be combined into a single region. The example below is purely for indicative 
purposes - real mappings are likely to differ significantiy from this. Note that the RegionBottom and Regi- 
onTop fields in this example are byte aligned and would need to be right-shifted by 5 places to obtain the 
256-bit aligned value used to program the RegionNTop and RegionNBottom registers, or more details see 
11.6.5.1 and 11.6.5.2. 



Tabfe 17. Example region mapping 







0 


0x0000.0000 


OxOOOO.OFFF 


Sllvefbrook OS (supervisor) date 


1 


0x0000.1000 


0X000O.BFPF 


Silverbrqok OS (supervisor) code 


2 


OxOOOO.COOO 


OxOOOO.CSFF 


SilvQibrook (supervisor/user) data 


3 


0x0000.0400 


OxOOOO_CFFF 


SiNert)rook (supervfsorAiser) code 


4 


03e0026.DOOO 


0x0026_O3FF 


OEM (user) data 


5 


0X0026.D400 


0x0026.Df=FF 


OEM (user) code 


6 


0x0O27_E000 


0x0027.FFFF 


Shared Sifvertrook/OEM space 


7 


OxOOOO.OOOO 


OX0026.CFFF 


Compressed page store (supervisor data) 



11.6.3 Non-DRAM regions 

As shown b Figure 18 the DRAM occupies only 2.5 MBytes of the total 4 GB SoPEC address space. The 
non-DRAM regions of SoPEC are handled by the MMU as follows: 

ROM (0x0028.0000 to 0x0028_FFFF): The ROM block will control the access types allowed The 
cpu_acode[l:0] signals will indicate the CPU mode and access type and the ROM block will assert 
rom_cpu_berr if an attempted access is forbidden. The protocol is described in more detail in section 
1 1.4.3. The ROM block access permissions are hard wired to allow all read accesses except to the Fuse- 
ChipID registers which may only be read in supervisor mode. 

MMU Internal Registers (0x0029^0000 to Ox0029.0FFF): The MMU is responsible for controlling the 
accesses to its own internal registers and will only allow data reads and writes (no instruction fetches) 
fix)m supervisor data space. All other accesses will result in the mmu^cpujberr signal being asserted in 
accordance with the CPU native bus protocol. 

CPU Subsystem Peripheral Registers (0x0029^1000 to Ox0029_FFFF): Each peripheral block will 
control the access types allowed. Every peripheral will allow supervisor data accesses (both read and 
write) and some blocks (e.g. Timers and GPIO) will also allow user data space accesses as outlined in the 
relevant chapters of this specification. Neither supervisor nor user instruction fetch accesses are allowed to 
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any block as it is not possible to execute code from peripheral registers. The bus protocol is described in 
section 11.4.3. 

PCU Mapped Registers (0xO02A^000O to Ox002AJFFF): AH of the PEP blocks registers which are 
accessed by the CPU via the PCU will inherit the access permissions of the PCU. These access permis- 
sions are hard wired to allow supervisor data accesses only and the protocol used is the same as for the 
CPU peripherals. 

Unused address space (0x002A^C000 to OxFFFF^FFFF): All accesses to the unused portion of the 
address space will result in the mmujcpujferr signal being asserted in accordance with the CPU native 
bus protocol. These accesses will not propagate outside of the MMU i.e. no external access will be initi- 
ated. 

1 1 .6.4 Reset exception vector and reference zero traps 

When a reset occurs the LEON processor starts executing code from address OxOOOO_0000. On SoPEC the 
embedded DRAM occupies this area of the address map. As the DRAM contents are undefined when the 
processor comes out of reset (this is certainly the case with a power-on and most other resets that can occur 
on SoPEC) the MMU will need to redirect accesses from OxOO00_O0OO through OxOOOO_00?? (the mini- 
mum amount of redirection is currently TBD but is likely to be at least 16 bytes) to the bottom of the ROM 
i.e. to 0x0028_0000 through 0x0028_00??. 

A conunon software bug is zero-referencing or null pointer de-referencing (where the program attempts to 
access the contents of address 0x0000^0000). To assist software debug the MMU will assert a bus error 
every time the reset locations are accessed after the reset trap handler has legitimately been retrieved 
inunediately after reset. If desired this condition could be result in a unique trap (e.g. a watchpoint 
detected trap) 

1 1 .6.5 MMU Configuration Registers 

These are the only configuration registers in the CPU block. Note that all the MMU configuration registers 
may only be accessed when the CPU is nmning in su|)endsor mode. 



Table 18. MMU Conflguratlon Registers 













0x00 


ReofonOBottom 


17 


0x0.0000 


This register contains the physical address that 
marks the txittom of region 0 


0x04 


RegfonOTop 


17 


OxF^FFFF 


This register contains the physical address that 
marl<s the top of region 0. Region 0 covers the 
entire address space after reset whereas ail 
other regions are zero-sized initially. 


0x08 


Regfoni Bottom 


17 


OxO_0000 


This register contains the physical address that 
marks the bottom of region 1 


OxOC 


Region 1Top 


17 


OxOjOOOO 


This register contains the physical address that 
marks the top of region 1 


0X10 


Reglon2Bottom 


17 


0x0.0000 


This register contalr^s the physical address that 
marks the tx>ttom of region 2 


0x14 


RegIon3Top 


17 


0x0.0000 


This register contains the physical address that 
marks the top of region 2 


0x16 


Region3Bottom 


17 


0x0.0000 


This register contains the physical address that 
marks the bottom of region 3 


OxIC 


Region3Top 


17 


0x0.0000 


This register contains the physical address that 
marks the top of regk>n 3 
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Table 18. MIMU Configuration Registers 











0x20 


Region4Bottom 


17 


0x0.0000 


This register contains the physical address that 


0x24 


Re oiQn4ToD 


•|7 


W A V_U WW V 


marks the top of regk>n 4 


0x28 


RegionSBottom 


17 


0x0^0000 


This register contains the physical address that 
marks the t>ottom of region 5 


Ox2C 


RegionSTop 


17 


0x0.0000 


This register contains the physical address that 
marks the top of region 5 


0x30 


ReglonOBottom 


17 


0x0.0000 


This register contains the physteal address that 

fTiflrifci thn bottom nf rAflion A 


0X34 


Region6Top 


17 


0x0.0000 


This register contains the physical address that 
marks the top of region 6 


0x38 


*Region7Bottom 


17 


0x0.0000 


This reoister contains the physical address that 
marks the bottom of region 7 


OxSC 


RegfonTTop 


17 


0x0_0000 


This register contains the physical address that 
marks the top of region 7 


0x40 


RegionOControl 


6 


0x07 


Control register tor region 0 


0x44 


Regioni Control 


6 


0x07 


Control register fbr region 1 


0x48 


RegIon2Contro) 


6 


0x07 


Control register fbr region 2 


0x4C 


RegtonaControl 


6 


0x07 


Control register for region 3 


0x50 


RegIon4Control 


6 


0x07 


Control register for region 4 


0x54 


RegfonSControl 


6 


0x07 


Coritrol register for re^on 5 


0X58 


RegionaControl 


6 


0x07 


Control register for region 6 


OxSC 


RegionTControl 


6 


0x07 


Control register for region 7 


0x60 . 


BusTimeout 


16 


OxOOFF 


This register should t>e set to the number of pclk 
cycles to wait t>efore aborting an access with a 
bus error. 


0x64 


DebugSelect 


7 


0x00 


Contains address of the register selected for 
debug observatfon. It Is expected that a numt)er 
of pseudo-registers wiil be made available for 
debug observation and these will be outlined 
during the implementation phase. 



il.6.5,1 RegionTop and RegionBottom registers 

The 20 Mbit of embedded DRAM on SoPEC is arranged as 81920 words of 256 bits each. All region 
boundaries need to align with a 256-bit word. Thus only 17 bits axe required for the RegionNTop and 
RegionNBottom registers. The byte address of these locations can be obtained by simply left-shifting the 
register value by 5 bits i.e. cpu^adr[2l:0J « RegionNTop/Bottom[16:0] « 5. 

Both the RegionNTop and- RegionNBottom registers are inclusive i.e. the addresses in the registers are 
included in the region. The size of smallest active region is therefore 2 256-bit words i.e. 64 bytes. 

If DRAM regions overlap (there is no reason for this to be the case but there is nothing to prohibit it either) 
then only accesses allowed by all overlapping regions are permitted. That is if a DRAM address appears in 
both Regioni and Region3 (for example) the cpujacode of an access is checked against the access permis- 
sions of both regions. If both regions permit the access then it will proceed but if either or both regions do 
' not permit the access then it will not be allowed. 
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The MMU does not support negatively sized regions i.e. the value of the RegionNTop register should 
always be greater that the value of the RegionNBottom register U RegionNTop is lower in the address map 
than RegionNTop then the region is considered to be zero-sized and is ignored. 

When both the RegionNTop and RegionNBottom registers for a region contain the same value the region is 
then simply one 256-bit word in length and this corresponds to the smallest possible active region. 

11.6.5.2 Region Controi registers 

Each memoiy region has a control register associated with it. The RegionNControi register is used to set 
the access conditions for the memory region bounded by the RegionNTop and RegionNBottom registers. 
Table 19 describes the function of each bit field in the RegionNControi registers. All bits in a RegionNCon- 
troi register are both readable and writable by design. However, like all registers in the MMU, the 
RegionNControi registers can only be accessed by code running in supervisor mode. 



Table 19. Region Control Register 







SupervisorAccess 


2:0 


Denotes the type of access allowed when the CPU is running in 
Supervisor mode. For each access type a 1 indicates the access is 
permitted and a 0 indicates the access is not permitted. 
bitO - Data read access permission 
bfti • Data write access permission 
t>it2 - Instruction fetch access permission 


UserAocess 


5:3 


Denotes the type of access allowed when the CPU is running in 
User mode. For each access type a 1 1ndicates the access is per- 
mitted and a 0 indicates the access is not permitted. 
bit3 - Data read access permission 
bit4 • Data write access permission 
bits - Instruction fetch access permission 



11.6.5.3 Status Register 

The SPARC V8 architecture allows for a number of types of memory access error to be tr^ped. These trap 
types and trap handling in general are described in chapter 7 of the SPARC architecture manual [32]. 
Accotding to the SPARC architecture manual the processor will automatically move to the next register 
window (i.c. it decrements the current window pointer) and copies the program counters (PC and nPC) to 
two local registers in the new window. The supervisor bit in the PSR is also set and the PSR can be saved 
to another local register by the trap handler (this does not happen automatically in hardware). 

At the time of writing it is not clear whether the LEON core can easily accept memory access error trap 
types (i.e. the 8-bit tt field of the Trap Base register). Further investigation is needed to determine it this is 
possible and if existing trap types will cover the different types of bus error possible on SoPEC. Up to 32 
implementation specific trap types are allowed so conditions unique to SoPEC can be handled in this man- 
ner 

If it is not possible for sufl&cienl information about the cause of the bus error to be passed to the LEON 
core using the above mechanisms then a status register will be implemented to record the relevant informa- 
tion, 

1 1 .6.6 IMMU Sub-block partition 

As can be seen from Figure 19 and Figure 20 the MMU consists of five principal sub-blocks. For clarity 
the connections between these sub-blocks and other SoPEC blocks and between each of the sub-blocks are 
shown in two separate diagrams. 
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Figure 19. MMU Sub-block partition, external signal view 
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Figure 20. MMU Sub-block partition. Internal signal view 

11.6.6.1 LEON Bridge 

At the time of writing it is expected that the LEON core will be used with its AHB interface rather tlian be 
modified to comply with the protocols used on SoPEC, in particular the DIU protocol for DRAM access. 
The LEON bridge consists of an AHB bridge and some glue logic. The AHB bridge will convert between 
the AHB and the DIU and CPU subsystem bus protocols. The AHB bridge will always be a slave on the 
AHB. Olue logic will be required to assist with endianness coherency, interrupts and other miscellcineous 
signalling. 



Table 20. LEON bridge 1/Os 



Glotial SoPEC signals 



prsCn 


1 


In 


Global reset Synchronous to pcUc, active low. 


pdk 


1 


In 


Global dock 


LEON Bridge to AHB signals 


haddr(31:0] 


32 


In 


AHB address bus 


riwdata[31:0J 


32 


In 


AHB wiite data bus 


hrdata[31:0] 


32 


Out 


AHB read data bus 


hseJ 


1 


In 


AHB stave select signal 
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Table 20. LEON bridge l/Os 





mm 






hwrite 


1 


In 


AH3 write signal: 
1 - Write access 
0 • Read access 


htrans 


2 


In 


Indicates the type of the current transfer: 

00 -IDLE 

01 • BUSY 

10'NONSEQ 

11 -SEQ 


hsize 


3 


In 


Indicates the size of the current transfer: 

000 * Byte transfer 

001 • Halfword transfer 
010 • Word transfer 

w 1 1 * o*t-uii ucuisicf \unsupporica f) 

Ixx - Unsupported larger wordsizes 


h burst 


w 


In 

in 


inoicaies it me cufreni uansrer lorms pan or a Durst ana ine type of 
burst 

000 -SINGLE 
001 - INCR 

010 - WRAP4 

011 -INCR4 
too -WRAPS 
101 - INCR8 
110-WRAP16 
111 - INCR16 


hprot 


4 


In 


Protection control signals pertaining to the current access: 
hprottO] - Opoode<0) / Oata(1) access 

honotf 1 ) * tJfierfOl / SiroAfvisor ae!f^<ft 

hprot(2] - Non-bufferable(0) / BufferaWo(l) access (unsupported) 
hprot[3] - Non-cacheableCO) / Caches ble access 


hmaster 


4 


In 


Indicates the identity of the current bus master. This will always be 
the LEON core. 


hmastlock 


1 


In 


Indicates that the current master Is performing a locked sequence 
of transfers. 


hready 


1 


Out 


Active high ready signal Indicating the access has completed 


hresp 


2 


Out 


Indicates the status of the transfer: 

OO-OKAY 

01 - ERROR 

10 - RETRY 

11- SPLfT 


hsplit 


16 


Out 


This 16-bit spitt bus is used by a slave to indicate to the arbiter 
wtiJch bus masters should be allowed attempt a split transaction. 
This feature wiO be unsupported on the AHB bridge 


Toplevel/ Common LEON bridge signals 


qpu_dataout(31 .-0] 


32 


Out 


Data out bus to both DRAM and peripheral devices. 


cpLf_iwn 


1 


Out 


Read/NotWrite signal. 1 = Current access is a read access. 0 « 
Current access is a write access 


lcu_cpu_aevef[3:0] 


4 


In 


An interrupt is asserted by driving the appropriate priority (evel on 
icfL^cpvJIevGt. These sigroals must remain asserted until the CPU 
executes an interrupt acknowledge cycfe. 


cpu.icuJleveI[3K)] 


4 


In 


Indicates the level of the interrupt the CPU is acknowledging when 
qpu.Aac^ is high 
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Table 20. LEON bridge l/Os 



cpu.iack 


1 


Out 


Interrupt acknowledge signal. The exact timing depends on the 
CPU core (mplementatlon 


cpu_start_access 


1 


Out 


Start Access signal indicating the start of a data transfer and that 
the cpu^adr, cpu_dataout, cpu^rwn and cpu^aoode signals are all 
valid. This signal is only asserted during the first cyde of an access. 


cpu.ben[1 :0] 


2 


Out 


Byte enable signals. 


LEON core to LEON bridge signals 


lulJrl 


4 


Out 


Intemjpt level request to the LEON Integer Unit 


iuo.trl 


4 


In 


Acknowledged interrupt level from the LEON Integer Unit 


hjoJntack 


1 


In 


Interrupt acknowledge signal from the LEON Integer Unit 


LEON bridge to MMU Control Block signals 


cpu_mmu_adr 


32 


Out 


CPU Address Bus. 


nvnu_cp u_data 


32 


In 


Data t>us from the MMU 


nimu_cpu_rdy 


1 


In 


Ready signal from the MMU 


cpu_mmu_acode 


2 


Out 


Access code signals to the MMU 


mmu_cpu_b€rr 


1 


In 


Bus error signal from the MMU 



Description: 

The LEON bridge must ensure that all CPU bus and interrupt transactions are functionally correct and that 
the timing xequirements are met This sub-block is also responsible for ensuring endianness coherency i.e. 
guaranteeing that the correct data appears in the correct position on the data buses (hrdata, cpu^dataout 
and mmu_cpu_data) for every type of access. This is a requirement because the LEON uses big-endian 
addressing while the rest of SoPEC is little-endian. 

It IS expected that some signals (especially those external to the CPU block) will need to be registered here 
to meet the timing requirements. Careful thought will be required to ensure that overall CPU access times 
are not excessively degraded by the use of too many register stages. 

ii. 6.6,2 DiU Bus Interface 

The Dru bus interface will handle all valid accesses to the embedded DRAM via the DIU. The DIU bus 
interface ensures that the access conforms to the DIU bus protocol while the DIU manages the arbitration 
and data alignment 



Table 21, DILI Bus Interface l/Os 











Global SoPEC signals 


prst_n 


1 


In 


Global reset. Synchronous to pcfk, acth^e low. 


pdk 


1 


In 


Global dock 


Toplevel/Common DIU Bus Interface signals 


dram_cpu_data(255:0) 


256 


In 


Read data from the DRAM. 


cpu_diu_rreq 


1 


Out 


Read request to the OIU DRAM 


diu_cpu_rac*C 


1 


In 


Acknowledge from DIU that read request has been accepted. 


diu.cpu^rvalid 


1 


In 


Signal from DIU indicating that valkl read data is on the 
dram_cpujciata bus 


cpu_diu_wreq 


1 


Out 


Wrfte request to the OIU 
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Tabre 21. DIU Bus Interface 1/Os 



dtu.cpu.wack 


1 


(n 


Acknowledge from the DIU thai the write request has been 

accepted 


cpu_diu_wvalid 


1 


Out 


Signal from the CPU to the DIU indrcating thattha data currently on 
the cpii,dataout bus is valid 


cpu_diu_wmask[1 :0] 


2 


Out 


Flag indicating formal of CPU write to DRAM. These signals are 

directfy derived from the cpu^ben signals 

cpu^<iiu_wmask = 00: 8-blt write 

cpu_diu^wmask = 01:1 6-bH write 

cpu_diu_wmask ^ 10: 32-bit write 

<^u^(iiu_wmask ^ 11: reserved 

cpu_adrt2:0] are driven tn accordance with the width of the data 
access indicated by cpu_diu_wmask. Addresses cannot cross a 
256-bit word DRAM boundary. 


drarn_rdy 


1 


Out 


Data Ready signal. Indicates the data on the dram_cpujdata bus is 
valid for a read cycle or that the data was suocesshiUy dispatched 
to the DIU for a write cyde. 


DIU Bus Interface to MMU Control Block signals 


cpu_adrt21:01 


22 


In 


Toptevei CPU Address bus. 


dram_data(31X3] 


32 


Out 


Data bus containing the 32 bits addressed by cpu_adr(4:2Jfiom the 
256-blt DRAM read bus dram^cpujdata 


drarn.aoce8s.en 


1 


In 


Enable Access signal. A DRAM access cannot be initiated unless it 
has been enabled by the MMU Control Unit 


DfU Bus Interface to ICactie signals 


ic_cache_hit 


1 


In 


Cache hit signal from the ICache. This indicates that the current 
CPU read request is being serviced by the ICache and so should 
not be retrieved from the DRAM. 


DIU Bus interface to LEON bridge signals 


cpu.t>en[1:0) 


2 


In 


Byte enable signals from the LEON bridge. These are forwarded on 
to the DiU as the cpu_d/u_ vvmas/t signals 


cpu.start_access 


1 


In 


Start Access signal from the LEON bridge indicating the start of a 
data transfer and that the qpu.adr, cpu.dataout cpu__twn and 
cpu^acode signals are all valid. This signal is only asserted during 
the first cyde of an access. 



Description: 



The DIU Bus Interface handles all data transfers between the CPU (or ICache) and the DIU. This involves 
translating between the different protocols used on the DIU and CPU buses. The validity (i.e. is the CPU 
running in the correct mode for the address space being accessed) of an access is determined by the MMU 
Control Block which also checks that a DRAM access does not cross a 256-bit boundary (as required by 
the DIU) and the dram^access^en is asserted if it is a valid access. Invalid accesses do not initiate DRAM 
accesses. The operation of the DIU Bus Interface is described by the state machine shown in Figure 21 and 
the DIU bus protocol is described in more detail in section 20.9. The DIU will return a 256-bit dataword 
on dram_cpu_data[255:0] for every read access. The DIU Bus Interface must select the appropriate 32-bit 
word from this according to the word address given by cpu_adr[4:2]. 
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Pfst n°°Q 

epu_<fiu_rroq a 0 
cpu_diu_wreq = 0 
cpu_diu_wvand = 0 

drani^rdy s 0 



CPU start aooPM 



Start accMA 



drsm.c ata 




cpu start acq&ss = 1 
AND dram access en »= 1 
ANDlc ftache hit^Q 

ANDqiu rwn«»l 
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diu CPU rack l 
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r 



(Write AccessN 
^ Complete 



dlu CPU wvaKd « 
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Figure 21. DIU Bus tnteiface state machine 



ii. 6.6.3 CPU Subsystem Bus Interface 

The CPU Subsystem Interface block handles all valid accesses to the peripheral blocks that comprise the 
CPU Subsystem. 



Table 22. CPU Subsystem Bus Interface l/Os 









Global SoPEC signals 


prst^n 


1 


In 


Global reset. Synchronous to pctk, active low. 


polk 


1 


In 


Global dock 


Toplevet/Common CPU Subsystem Bus Interface signals 


cpu_cpr.sel 


1 


Out 


CPR block select 


cpu_gpio_8eI 


1 


Out 


GPIO block select. 


cpu_lcu_sel 


1 


Out 


ICU blodc select. 


cpujss.sel 


1 


Out 


LSS block select. 


cpu_pcu_sel 


1 


Out 


PCU block select. 
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Table 22. CPU Subsystem Bus Interface l/Os 







CfMI col 


- ^ 


Out 


SCB blOGK select. 






Out 


Timers block select. 


cpu^roni_s©l 




Out 


ROM block select. 


cpujiss.sel 




Out 


PSS block select. 


cpu:.diu_8ef 




Out 


DIU block select 


w|^i^«#|iu^uaiaio 1 .uj 




in 


Head data ous from me CPR bmck 




OC 


in 


Read data bus from the GPIO t>fock 






In 


Read data bus from the ICU block 


lee tf4a*nr0 4*A1 

iss_cpu_aaui[o 1 lO] 


32 


In 


Read data bus from the LSS block 


pcu_cpLi_data(31 rO) 


32 


In 


Read data bus from the PCU btock 


oCD_jcpu_Oala[oi .UJ 


32 


In 


Read data bus from the SCB block 


iini_cpu^a£iia[o 1 .uj 


32 


In 


Read data bus from the Timers block ~ 


ronr»_cpu^data[31 :0] 


32 


In 


Read data bus from the ROM block 


pss_cpu_data{31 :0) 


32 


In 


Read data bus from the PSS btock 


diLi_cpu_data[31 :0] 


32 


In 


Read data bus from me DIU block 


cprjcpu_rdy 


1 


In 


Ready signal to the CPU. When qp/LppLLrtfyls high it Indicates the 
last cycle of the access. For a write cyde this means cpi/_</aCaouf 
has been registered by the CPR block and for a read cyde this 
means the data on cpr_cpu_data Is valid. 


gpio_cpu_rdy . 




In 


GPIO ready signal to the CPU. 


Icu_cpu_rdy 




In 


ICU ready signal to the CPU. 


lss_cpu_rdy 




In 


LSS ready signal to the CPU. 


pcu_cpu_rdy 




In 


PCU ready signal to the CPU. 


scb_cpu_rdy 




In 


SCB ready signal to the CPU. 


tlm_cpu_rdy 




fn 


Timers Wock ready signal to the CPU. 


rom_cpu_rdy 




In 


ROM block ready signal to the CPU. 


pss_cpu_rdy 




In 


PSS btock ready signal to the CPU. 


diu_cpu_rdy 




In 


DtU register bkx:k ready signal to the CPU. 


Cpr_cpu_befr 




In 


Bus Enor signal from the CPR btock 


Opio_cpu_berr 




In 


Bus Error signal from the GPIO block 


lcu_cpu_berr 




In 


Bus Error signal from the ipu block 


(ss_cpu_berr 




In 


Bus Error signal from the LSS block 


pcujcpujben 




In 


Bus Error signal from the PCU bk>ck 


scb_cpu_berr 




In 


Bus Error signal from the SCB bk>ck 


ttmjcpiijberr 




In 


Bus Error signal from the Timers block 


rom_cpu_berr 




In 


Bus Error signal from the ROM block 


pss_cpu.berr 




In 


Bus Error signal from the PSS block 


diu_cpu_berr 




In 


Bus Error signal from the DIU block 


CPU Subsystem Bus Interface to MMU Control Block signals 


cpu.adrl 19:12] 


6 


In 


Toplevel CPU Address bus. Only bits 19-12 are required to decode 
the peripherals address space 


peri_access.en 


1 


In 


Enable Access signal. A peripheral access cannot be initiated 
unless It has been enabled by the MMU Control Unit 
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Table 22. CPU Subsystem Bus Interface l/Os 











pen_mniu_daia[31 x)j 


32 


Out 


-Data bus from the selected pehpheraJ 


peri_mmu_rdy 


1 


Out 


Data Ready signaf. Indicates the data on the pehjmmujdata bus Is 
valid for a read cyde or that the data was successfully written to the 
peripheral for a write cyde. 


pefi_fnniu_berr 


1 


Out 


Bus Error signal. Indicates a bus error has occurred in accessing 
the selected peripheral 


CPU Subsystem Bus 


Interface to LEON bridge signals 


cpu_slan_acce$s 


1 


In 


Start Access signal from the LEON bridge indicating the start of a 
data transfer and that the cpu^adr, cpujdataout, cpu^rwn and 
cpu_acod0 signals are aJI valid. This signal is only asserted during 
the first cyde of an access. 



Description: 

The CPU Subsystem Bus Interface block performs simple address decoding to select a peripheral and mul- 
tiplexing of the returned signals from the various peripheral blocks. The base addresses used for the 
decode operation are defined in Table 16. Note that access to the MMU configuration registers are handled 
by the MMU Control Block rather than the CPU Subsystem Bus Interface block. The CPU Subsystem Bus 
Interface block operation is described by the following pseudocode: 

inasked_cpu_adr = cpu_adr tl9t 12] 
case (mas ked_cpu_adr ) 
when TIM_base[19:12J 

cpu^tinusel = peri_«ccess_en // The peri.access.en signal will have the 

perijnrau_data = tiin_cpu_data // timing required for block selects 

peri_jnmu_rdy tiin_cpu_rdy 

peri_pimu_berr = t iin_cpu_ber r 

all_other_selects =0 // Shorthand to ensure other cpu.block^sel signals 

// remain deasserted 

when LSS_basetl9: 12] 

cpu_lss_sel -» peri_Qccess_en 

peri.jinnu_data = lss_cpu_data 

pe r i_jB(ttnu^rdy = is s^cpu^rdy 

peri_inmu_berr = lss_cpu_berr 

all_other_selects = 0 
when GPIO_baseC19:12) 

cpu_gpio_sel = peri_access_en 

peri^nimu_data a gpio_cpu_data 

peri_prBnu_rciy » 9pio_cpu_rdy 

perijnmu^berr = gpio^cpu^berr 

all^other.selects = 0 
when SCB_baso[19:12] 

cpu.scb.sel s peri_access_en 

perijnnu^data = scb_cpu_data 

peri_jnimjL,rcty « ficb_cpu_rdy 

perijmnu^berr = scb_cpu_berr 

all_other_selects = 0 
when ICU_ba8e(19:12] 

cpu_icu_sel = peri_access_en 

perijnmu_data = icu_cpu_data 

peri„;nrau_rdy = icu_cpu_rdy 

peri_;nniu_l3err = icu_cpu_berr 

all_other_selects ° 0 
when CPR_.base(19:121 

cpu_cpr_fiel = peri_access_en 

peri.ininu_data = cpr_cpu_data 
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peri_inmu_rdy * cpr^cpu^rdy 
peri_jtttnu_berr = cpr_cpu_b©rr 
a ll_other_s elects s 0 

when ROM.base(19:121 

cpu_roiiusel = peri_access_en 
peri_niinu_data = ronucpu^data 
peri__mmu_rdy = roin_cpu_rdy 
perijnmu_berr = ronv_cpiO&err 
all_other_selects « 0 

when PSS_base{19:12J 

cpu_pgs_sel = peri_acce38_en 
pGri_inmu_data = pss_cpu_<iata 
peri_jnmu_rdy » pss_cpu_r<3y 
peri_pninu^berr » pss^cpujberr 
all_other_selects « 0 

when Dlu__bose[19:12) 

cpu_diu_eel = peri^access_en 
peri_mmu_data = diu_cpu_data 
peri_inmu_rdy = diu_cpu.rdy 
peri_jnmu_berr = diu_cpu_berr 
all_other_selects e 0 

when PCU_base[19:12) 

cpu_diu_Bel is peri_acce9S_en 
peri_mmu_data = pcu_cpu_dat.a 
peri_;iTOU_rdy « pcu_cpu_rdy 
peri_irniu_berr = pcu_cpu_berr 
all_other_selects = 0 

when others 

I all_block_selecta = 0 

perijnmu^data = OxOOOOOOOO 
peri_jnmu_rdy a 0 
perijrenu^berr = 1 
end case 



11,6.6.4 MMU Control Block 

The MMU Control Block determines whether every CPU access is a valid access. No more than one cycle 
is to be consumed in determining the validity of an access and all accesses must terminate with the asser- 
tion of either mmu_cpu_rdy oT mmu_cpujbern To safeguard against stalling the CPU a simple bus timeout 
mechanism will be supported. 



I Table 23. MMU Control Block l/Os 




Global SoPEC signals 


prst_n 


1 


In 


Global reset Synchronous to pclk, active low. 


pcflc 


1 


In 


Global dock 


Toplevel/Common MMU Contfol Block signals 


cpu_adrt21:0] 


22 


Out 


Address bus for both ORAM and peripheral access. 


cpu_acode(1 :0] 


2 


Out 


CPU access cod© signals {cpu_mmu_acode) retimed to meet the 
CPU Subsystem Bus timing requirements 


dram.aocess.en 


1 


Out 


ORAM Access Enable signal. Indicates that the current CPU 
access is a valid DRAM access. 


MMU Control Block to LEON bridge signals 
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Table 23. MMU Control Block l/Os 











cpu.mmu_adrt31:0) 


32 


In 


CPU core address bus. 


cpu.dataout{31:0] 


32 


In 


Toplevel CPU data bus 


nw^-cpu_dala[31 .-OJ 


32 


Out 


uaiB cms 10 me vru core, uames tne data ror all CPU read opera- 
tions 


cpu_rwn 


1 


In 


lopievei wrU Heaa/notWnte slonal. 


cpu_mmu_acode(1 :0) 


2 


In 


CPU access code signals 


nTmii_jCpu_rdy 


1 


Out 


Ready signal to the CPU core. Indicates the oontpletnn of all valid 
CPU accesses. 


mmu.cpu.berr 


1 


Out 


Bus Error signal to the CPU core. This signal is asserted to termi- 
nate an Invalid access. 


cpu.staruaccess 


1 


In 


Start Access signal from the LEON bridge indicating the start of a 
data transfer and that the cpu^adr, cpu_dataout, cpu_fwn and 
cpu^acode signals are an valM. This signal is only asserted during 
the first cyde of an access. 


cpujadc 


1 


In 


Interrupt Acknowledge signal from the CPU. This signal is only 
asserted during an interrupt acknowledge cyde. 


cpu_ben(1 .D] 


2 


In 


Byte enable signals indicating whteh bytes of the 32-bit bus are 
being accessed. 


MMU Control Block to 


OIU Bus Interface signals 


dram_rdy 


1 


In 


Data Ready signal. Indwates the data on the <fram_cpu_d£ita bus is 
valid for a read cycle or that the data was successfully dispatched 
to the OIU for a write cyde. 


MMU Control Block to ICache signals 


k;.data[31:0] | 


32 


tn 


Data bus from the ICache 


ic_rdy 1 


1 


in 


Ready signal from the ICache indicating the data on ic_data is valid 


MMU Control Block to 


CPU Subsystem Bus Interface signals 


peri_access_en 


1 


Out 


EnaWe Access signal. A peripheral access cannot be initiated 
unless it has been enabled the MMU Control Unit 


perLmnmj_data(31 :0J 


32 


In 


Data bus from the selected peripheral 


p€ri_mrruj_rdy 


1 


In 


Data Ready signal. Indk»te$ the data on the peri_mmu^data bus Is 
valid for a read cyde or that the data was successfully written to the 
peripheral tor a write cyde. 


p€fi_mmu_berr 


1 


In 


Bus Error signal. Indicates a bus error has occurred in accessing 
the selected peripheral 



Description: 

The MMU Control Block is responsible for the MMU's core functionality, namely detennining whether or 
not an access to any part of the address map is valid. An access is considered valid if it is to a mapped area 
of the address space and if the CPU is running in the appropriate mode for that address space. Furthcnnore 
the MMU control block must correctly handle the special cases that arc: an interrupt acknowledge cycle a 
reset exception vector fetch, an access that crosses a 256-bit DRAM word boundary and a bus timeout 
condition. The following pseudocode shows the logic required to implement the MMU Control Block 
ftmctionality. It does not deal with the timing relationships of the various signals > it is the designer's 
responsibility to ensure that these relationships are correct and comply with the different bus protocols. 
For simplicity the pseudocode is split up into numbered sections so that the functionality may be seen 
more easily. 
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PSO Description: This first segment of code defines a number of constants and variables that are used 
elsewhere in this description. Most signals have been defined in the I/O descriptions of the MMU sub- 
blocks that precede this section of the document. The post_reset_state variable is used later (in section 
PS4) to determine if we should translate the reset exception vector address or trap a null pointer access. 

PSO: 

const UnusedBottom = Ox002ACOOO 
const DRAMTop = 0x002 7FFFF 
const UserOataSpace = bOl 
const UserPrograinSpace ^ bOO 
const SupervisorDatoSpace s bll 
const SupervisorProgramSpace = blO 

const timeout^limit = 0x40 // Need to confirm that this is a suitable value 
const ResetBxceptionCycles = 0x8 

cpu_adr_per i jnas ked [7:0] = cpu_mmu_adr (19:12] 
cpu_adr_drairumaskedC16:0] = cpu_inmu_adr & 0xOO3FFFE0 

if (prst_n == 0) then // initialise everything 

cpu_adr « cpu_iiunu_adr(21 : 0] 
peri_access_en = 0 
drazn_access_en » 0 
inimj_cpu_data = peri_inmu_data 
maiu_cpu^rdy w 0 
ircmi_cpu_berr = 0 
post.reset^state = TRUE 
access.initiated » FALSE 
cpu_access_cnt = 0 

// The following is used to determine if we are coming out of reset for the purposes of 
// reset exception vector redirection. There may be a convenient signal in the CPU core 
// that we could use instead of this. 

if ( (cpu.start.access «= 1} AND (cpu.ac cessment < ResetExceptionCycles ) AND 
( docket icX == TRUE)) then 
cpu_access_cnt = cpu_access_cnt +1 
else 

post_reset_state = FALSE 

PSl Description: This section is at the top of the hierarchy that determines the validity of an access. The 
address is tested to see which macro-region (i.e. Unused, CPU Subsystem or DRAM) it falls into or 
whether the reset exception vector is being accessed. 

PSl: 

if (cpu_pnnu_adr >= UnusedBottom) then 

// The access is to an invalid area of the address space. See section PS2 

elsif < (cpu_mmu_adr > DRAMTop) AND (cpu_inrau__adr < UnusedBottom)) then 

// We are in the CPU Subsystem/PEP Subsystem address space. See section PS3 

/ / Only remaining possibility is an access to DRAM address space 

// First we need to intercept the special case for the reset exception vector 

elsif <cpu_ninu_adr < 0x00000010) then 

// The reset exception is being accessed. See section PS4 

elsif < (cpu_adr_drajn_masked >= RegionOBottom) AND <cpu_adr_dram_raas)ced <= 
RegionOTop) ) then 
// We are in RegionO. See section PS5 

elsif ( (cpu_adr_dranuraas)ted >= Reg ionNBot torn) AND (cpu_adr_draxiL.mas)«ed <= 
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RegionNTop) ) then // we are in RegionN 
// Repeat the RegionO (i.e. section PS5> logic for each of Regionl to Region7 

else //We could end up here if there were gaps in the ORAM regions 

peri_acc€ss_en- = 0 
dran;_access_en = 0 

rnmu_cpu_berr = 1 //we have an unknown access error, most likely due to hitting 
inmu_cpu_rdy = 0 //a gap in the DRAM regions 

// Only thing remaining is to implement a bus timeout fxmction. This is done in PS6 
end 

PS2 DescripHoQ: Accesses to the large unused area of the address space arc trapped by this section. No 
bus transactions are initiated and the mmu^cpujberr signal is asserted. 

PS2: 

elsif (cpu_imnu_adr >= aniisedBottom) then 

peri_acce8&_en = 0 // The access is to an invalid area of the address space 
dram_access_en = 0 
inttu_cpu_berr = 1 
nTOU_cpu_rdy « 0 

PS3 Description: This section deals with accesses to CPU Subsystem peripheials, including the MMU 
itself If the MMU registers are being accessed then no external bus transactions are required. Access to 
the MMU registers is only permitted of the CPU is making a data access from supervisor mode, othenvise 
a bus error is asserted and the access terminated. For non-MMU accesses then transactions occur over the 
CPU Subsystem Bus and each peripheral is responsible for determining whether or not the CPU is in the 
correct mode (based on the cpu^acode signals) to be permitted access to its registers. Note that all of the 
PEP registers are accessed via the PCU which is on the CPU Subsystem Bus. 

PS3: 

elsif ( ( cpu_nimu_adr > DRAMTop) AND (cpujmnu_adr < UnusedBottom) ) then 
// We are in the CPU Subsystem/PEP Stibsystem address space 

cpu_adr = cpu_itimu_adr [ 2 1 : 0 J 

if (cpu_adr_j)eri_ma3ked == MMU.base) then // access is to local registers 
peri_access_en = 0 
draii\_access_en = 0 

if (cpu_acode == SupervisorOataSpace) then 
Cor (i=0; i<26; i>*) { 

if ((i na cpu_mmu_adr(6:2J ) then // selects the addressed register 
if (cpu_rwn == 1) then 

inmu_cpu_data(16:0) = MMURegCiJ // MMURegti] is one of the 
inmu_cpu_rdy = 1 // registers in Table 18 

mmu_cpu_berr = 0 
else // write cycle 

MKUReg(i) = cpu_dataout [ 16 : 0 J 
mmu_cpu_rdy = 1 
mmu_cpu_^berr = 0 
else // there is no register mapped to this address 

mmu_cpu_berr » 1 // do we really want a bu3_error here as registers 
ntmu_cpu_rdy = 0 // are just mirrored in other blocks 

else //we have an access violation 
• • nnnu^cpu.berr « 1 

nmtu^cpu^rdy « Q 

else // access is to something else on the CPU Subsystem Bus 
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peri_access.en - 1 
dranuaccess^en = 0 
rnmu_cpu^data = peri jnmu^data 
n«iu_cpu_rdy = peri_jxTOu_rdy 
irmu_cpu„berr = peri_n«mu^berr 

PS4 Description: The only correct accesses to the locations beneath 0x000000 10 are fetches of the reset 
tr^ handling rouHne and these should be the first accesses after reset Here we trap all other accesses to 
these locations regardless of the CPU mode. This most likely cause of such an access will be the use of a 
null pointer in the program executing on the CPU. 

PS4: 

elsif (cpu_;nmu_adr < 0x00000010) then //may need to translate a wider range - depends 
if <post_reset_stace TRUE)) then ' // on how LEON handles the reset exception 
cpi*_adr[21:0] = {R0M_base(2l : 3) . cpu jninu_adr 1 2 : 0 )) 
peri_acces8_en = 1 
dram_access_en = 0 
nitiu_cpu^data » peri_pnnu_data 
nTOu_cpu_rdy = pGri_tninu_rdy 
nTOu_cpu_berr = peri_inmu_berr 
else // we have a problem (almost certainly a null pointer) 
peri_access_en =0 
dreuiuaccess_en = 0 
nsau_cpu^berr s i 
inmu_cpu„rdy = 0 



PS5 Description: This large section of pseudocode simply checks whether the access is within the bounds 
of DRAM RegionO and if so whether or not the access is of a type permitted by the RegionOControl regis- 
ter. If the access is permitted then a DRAM access is initiated for all data accesses and for instruction 
fetches that result in a cache miss. All instruction fetches are returned via the ICache interface regardless 
of whether they come from a cache hit or refill from DRAM. If the access is not of a type pemiitted by the 
R^ionOControl register then the access is terminated with a bus error. 

PS5: 

elsif < (cpu_adr_dranumas)ced >= RegionOBottom) AND (cpu_adr_draiiumasked <= 
RegionOTop) ) then //we are in RegionO 

// We need to checJc that the DRAM access does not cross a 256-bit boundary 
// Only 16 or 32-bit CPU accesses are capable of traversing a 256-bit boundary 

if ( ( (cpu_mmu_adr(4:0] == OxlF) AND (<cpu_ben == bOl) OR (cpu ben « biO) ) ) 
OR ( (cpu_;niTtu_adr(4 :0) == OxlE) AND (cpu^ben blO) ) 
OR ((cpu.jnmu_adrt4:0} == OxlD) AND (cpulben blO) > ) then 

peri_access_en = 0 

dram_access_en = 0 

inmu_cpu_berr = 1 

'^u_cpu_rdy = 0 

else // access does not cross 256-bit boundary so we can proceed 
cpu_adr = cpu_mmu_adr (21 : 0] 
if (cpu_rwn == 1) then 

if ( (cpu_acode == SupervisorProgramSpoce AND RegionOControl (2 ) == 1)) 
OR (cpu_acode UserProgramSpace AND RegionOControl 1 5 J 1)) then 

// this is a valid instruction fetch from RegionO 
peri_access_en = 0 
drain_access_en = 1 
mmu_cpu_data « ic_data 
«™u_cpu_rdy « ic^rdy 
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inmu_cpu_b€rr = o 



elsif ((cpu_acode == SupervisorDataSpace AND RegionOControl (0) == 1} 
OR (cpu_acode UserDataSpaco AND RegionOControl [3 ] == 1)) then 

// this is a valid read access from RegionO 

peri_access_en = 0 
drain_access_en = r 

inmu_cpu_data = dranudata // possibly drc.data if dcache is used 
inmu_cpu_rdy = draa_rdy // possibly drc_rdy 
mmu^cpu^berr =0 

// we have an access violation 

peri_access_en = 0 
drain_access_en = 0 
man _.cpu_be r r = 1 
nnnu_cpu_rdy = 0 



// it is a write access 
if ( (cpu_acode == SuperviaorDataSpace AND RegionOControl [ 1] 1> 

OR (cpu_acode =s UserDataSpace AND RegionOControl [4] 1)) then 

// this is a valid vrrite access to RegionO 

^ peri_access_€n = 0 

dranuaccess_en = 1 

nmiu_cpu.rdy = dram_rdy // possibly dwc_rdy if dcache is used 
inmu^cpu_berr = 0 

//we have an access violation 

peri_access__en o o 
draxtt.access_en = 0 
xninu_cpu_berr = 1 
nanu_cpu_rdy = 0 

PS6 Descriptioa: This final section of pseudocode deals with the special case of a bus timeout This 
occurs when an access has been initiated but has not completed before the timeoutjimit number of pclk 
cycles. While access to both DRAM and CPU/PEP Subsystem registers will take a variable number of 
cycles (due to DRAM traffic, PCU command execution or the different timing required to access registers 
m imported IP) each access should complete before the timeoutjimit occurs. Therefore it should not be 
possible to stall the CPU by locking either the CPU Subsystem or DIU buses. However given the fatal 
effect such a stall would have it is considered prudent to implement bus timeout detection. 



PS6: 

// Only thing remaining is to iinpleitient a bus timeout function. 

if ( (cpu_start_acces3 == 1) then 
access_initiated = TRUE 
timeout_countdown = BusTimeout 

if ( (nmTu_cpu_rdy 1 ) OR (iTnmi_cpu_berr »«! )) then 
access_initiated = FALSE 
peri_access_en = 0 
drait^access_en - 0 

if ((clock^tick == TRUE) AND (access_initiated TRUE)) 
if (tiroeout_countdown > 0) then 

t ime ou t_c oun t down - - 
else // timeout has occurred 

peri_access_en =0 // abort the access 

drairv^accesa_en = 0 

iwnu_cpu_berr . = 1 

™nu_cpu_rdy = 0 
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11.6.6.5 iCache 

The ICache sub-block implementation is described in section 1 1.7.1.1. 



11.7 Cache 

The decision on what type of caching solution to use on SoPEC is still open for the moment. There are 
two probable solutions: a) use the LEON caches with a minimal configuration (1 KB I and D caches) and 
b) use separate, simple one line 256-bit caches for instruction, data read and data write accesses. From a 
performance and (most likely) implementation point of view the LEON caches are the best solution how- 
ever they are much bigger than the one line caches (approx 6x). The one line caches do not offer the same 
degree of performance improvement as the LEON caches and are likely to add an extra cycle to all mem- 
oiy accesses. The performance penalty for a LEON cache miss (i.e. for all memory accesses if we are not 
using the LEON caches) and the the best and worst case access times from DRAM have yet to be fully 
detennincd The final decision on which caching solution to use will be made when all such information is 
available. 

Therefore the section on caches, which was present in previous versions of this document but is now 
mostly out of date, has been removed (the ICache is still relevant if one line caches are used and so is 
retained). 

11.7.1 Instruction Cache 

A caching mechanism would offer the advantage of greater aggregate performance while still guaranteeing 
a minimum level of perfomiance. While greater performance may not be required at present for this appli- 
cation the caching mechanism offers greater efficiency (i.e. MIPS/MHz) and so the CPU clock could be 
reduced without affecting, or only negligibly affecting, the operating perforatiance. The advantage here is 
that the design is scalable - better performance can be achieved by simply increasing the clock rate. 

As all reads from the embedded DRAM on SoPEC produce words that are 256 bits wide it is inefficient to 
hook this up to a 32-bit CPU bus as 224 bits of each read would be discarded. If the lull 256-bit word is 
stored locally to the CPU as a single-line cache then a ??x performance improvement could be obtained in 
the typical case (this is of course highly code dependent). This single line cache would be very easy to 
implement as it would just involve the address to be compared to a single tag and no replacement algo- 
rithm would be required. Furthermore the area impact would be minor and there should be no performance 
penalty for cache misses. As the dram_cpu_data bus is 256 bits wide the requested word is immediately 
available to the CPU i.e. we do not need to perfom critical word first reordering of the data. 

The instruction cache is only accessed for instruction fetches, not all CPU reads. These can be differenti- 
ated by signals emanating from the CPU. Non-instruction CPU reads would be supported by the data 
cache. In the case of a cache miss the read request is processed by the MMU to ensure the request is valid 
before a read request is generated on the relevant external (to the CPU block) bus. The MMU should be 
informed of a cache hit to ensure it does not generate an unneccessary read request. This requires that the 
regions used to store code are aligned on 32-byte (256-bit) boundaries. 

As there is no requirement to have more time deterministic code execution the instruction cache caimot be 
disabled. 

1 1. 7. 1. 1 iCache Implementation 

The Instruction Cache used in SoPEC is capable of storing just a single 256-bit DRAM word. An imple- 
mentation is depicted in Figure 22 below. The block I/Os are given in Table 24 and these should be viewed 
in conjunction with Figure 19 and Figure 20 for a complete depiction of the connectivity of the block. 
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Figure 22. ICache Block Diagram 



Table 24. ICache K/Os 







Global SoPEC signals 


prst_n 


1 


In 


Global reset. Synchronous to pcflic. active low. 


pdk 


1 


In 


Global dock 


Toplevel ICache signaJs 


dram_cpu_data{255:0] 


256 


In 


Data bus from the OIU 


cpu_acode{1.*0] 


2 


in 


CPU access control signals 


cpu_adrf21:2] 


20 


In 


CPU core address bus. 


ICache to OIU Bus Interface signals 


fe_cache_hJt 


1 


Out 


Cache hit signal. This indicates that the current CPU read request 
is being servk;ed by the ICache and so should not be retrieved from 
the 


dram_rdy 


1 


In 


Data Ready signal. Indicates the data on the 6ram cpu data txjs is 
valid. 


ICache to MMU Control Block signals 


ic.data(31:0] | 32 Out | ICache data bus 
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Table 24. ICache l/Os 




ic^rdy i 



Out 



Ready signal from the ICache indicatrng the data on icjdata \s valid 



dram^access.en 1 



Out 



ORAM access enat)l6 signal. Indicates that the current CPU access 
is a valid ORAM access. 



Description: 



The Tag stores the DRAM word address of die word currently in cache. The Tag contents are compared 
with cpujadr[21:5] each tinie the CPU requests an instruction fetch from a valid DRAM address (indi- 
cated by cpujacode[0] and dram_access_en). If a match occurs (i.e. a cache hit) the access is serviced by 
returning the correct 32 bits (as selected by cpu_adr[4:2]) to the MMU Control Block. If a match does not 
occur (i.e. a cache miss) the icjzachejiit line is held low indicating to the Dili Bus Interface that a 
DRAM access should commence. Completion of the DRAM access is signalled by the assertion of 
dram^rdy and this causes the ICache contents to be updated, the Tag value replaced and the relevant 32 
bits forwarded to the CPU accompanied by the assertion of the ic_rdy signal. It is updated each time the 
cache line is refilled from DRAM. All instruction fetches from DRAM are cacheable, regardless of which 
DRAM region is being accessed (although the access permissions still need to match those programmed 
for the region) and whether the CPU is in user or supervisor mode. 



The RDU facilitates the observation of the contents of most of the CPU addressable registers in the SoPEC 
device in addition to some pseudo-registers in realtime. The contents of pseudo-registers, i.e. registers that 
are collections of otherwise unobservable signals and that do not aifect the functionality of a circuit, arc 
defined in each block as required. Many blocks do not have pseudo-registers and some blocks (e.g. ROM . 
PSS) do not make debug information available to the RDU as it would be of little value in realtime debug. 

Each block that supports realtime debug observation features a DebugSelect register that controls a local 
mux to determine which register is output on the block's data bus (i.e. block_cpu_datd). One small draw- 
back with reusing the blocks data bus is that the debug data cannot be present on the same bus during a 
CPU read from the block. An accompanying active high biock_cpu^debug_valid signal is used to indicate 
when the data bus contains valid debug data and when the bus is being used by the CPU. There is no arbi- 
tration for the bus as the CPU will always have access when required. A block diagram of the RDU is 
shown in Figure 23. 



11.7.2 



Data Cache 



1 1 .8 Realtime Debug Unit (RDU) 
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debug_data_valid 
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Debug 
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> 
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Debug 
Data17Src 
Register 

> 



DebugSrc 
Register 



cpr_cpu_de bug_valKJ 
diir_cpu_debug_vaIkJ 
p pio_cpu_d ebug_vand 
icu_cpu_d ebug_valid 
Iss_cpu_debu9_valid 
pcu_cpu_debiigL_vaJld 
scb_cpu_debug_vafid 
tim_cpu_debug_valld 

fnnni.debug_vatid 



■ cpr.cpu_data(31 rO) 

' diu_cpu_debug_data[31 ,*0] 
' gpio.cpu.data(31:0] 

■ tcu.cpu.datar31:01 

- Iss_cpu_data[31:0j 

- pcu_cpu.data[31:0] 
' scb_Gpu_data[3l :0] 
• tjm.cpu_data{31:0] 

mmu.debug_data[31 :0] 



debug_cn tri[18:0] 




Figure 23. Realtime Debug Unit block diagram 



Table 25. RDU l/Os 











diu_cpu_data 


32 


In 


Read data bus from the DIU tMock 


cpr_cpu_data 


32 


In 


Read data bus from the CPR block 


gpio_cpu_data 


32 


In 


Read data bus from the GPIO block 


icu_cpu_data 


32 


In 


Read data bus from the ICU block 


Jss_cpu„data 


32 


In 


Read data bus from the L^S bfock 


pcu_cpu.de bug^data 


32 


In 


Read data bus from the PCU block 
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Table 25. RDU l/Os 











scb_cpu_data 


32 


m 


Read data bus from the SCB block 


lim_cpu_data 


32 


In 


Read data bus from the TIM block 


cliu_^u^debug_valid 


1 


In 


oiynoj inuic^ung me aaia on mo oiu^CpU_OQm Dus IS valid oetMjg 
data. 


tjm CDu debiifl v?)liH 


«j 


In 


Signal indicating the data on the titn_cpu__data txis is valid debug 
data. 


scb_cpu_debug.val(d 


1 


In 


Signal indicating the data on the scb_cpu_data bus is valid debug 
data. 


pcu_cpu.debug.valid 


1 


In 


Signal indicating the data on the pcu^cpu^datB bus is valid debug 
data. 


lss_cpu.debug.valid 


1 


In 


Signal indicating the data on the lss_cpu^<iata bus is valid debug 
data. 


icij_cpu_debug_valid 


1 


In 


Signal indicating the data on the icu^cpu_jdata bus is valid debug 
data. 


gpto^cpu.debug.valid 


1 


In 


Signal Indicating the data on ttie gpio_cpu_data bus is valid debug 
data. 


cpr_cpu_debug_valld 


1 


In 


Signal indicating tiie data on the cpr^cpujdata bus is vaird debug 
data. 


debug.data.out 


18 


Out 


Output debug data to be muxed on to ttie PHl/GPlO/other pins 


debug.data.valid 


1 


Out 


Debug valid signal indicating the validity of the data on 
debug_data_out. This signal is used in all debug configurations 


debug.cntrt 


19 


Out 


Control signal for each PHI bound debug data line indicating 
whether or not the debug data shouM be selected by tiie pin mux 



As there are no spare pins that can be used to output the debug data to an external capttu-e device some of 
the existing I/Os will have a debug multiplexer placed in front of them to allow them be used as debug 
pins. Unfortunately many of the puis on SoPHC cannot even be multiplexed in this fashion so it will not be 
possible to output a full 32-bit debug data word every cycle. The exact number of pins available for multi- 
plexing had yet to be finalised at the time of writing. This specification assumes 20 pins will be available 
but this can easily be revised up or, more likely, down. Furthermore not every pin that has a debug mux 
will always be available to carry the debug data as they may be engaged in their primary purpose e.g. as a 
GPIO pin. The RDU therefore outputs a debug^cntrl signal with each debug data bit to indicate whether 
the mux associated with each debug pin should select the debug data or the normal data for the pin.The 
DebugPinSel is used to determine which of the 20? potential debug pins arc enabled for debug at any par- 
ticular time. 

As it is not possible to output a full 32-bit debug word every cycle the RDU supports the outputting of an 
n-bit sub- word every cycle to the enabled debug pins. Each debug test would then need to be re-run a num- 
ber of times with a different portion of the debug word being output on the n-bit sub-word each time. The 
data from each run should then be correlated to create a full 32-bit (or whatever size is needed) debug 
word for every cycle. The debugjdataj^alid and pclk^out signals will accompany every sub- word to allow 
the data to be sampled coxrectly. The pclk^out signal is sourced close to its output pad rather than in the 
RDU to minimise the skew between the rising edge of the debug data signals (which should be registered 
close to their output pads) and the rising edge of pclk^out. 

As muhiple debug runs will be needed to obtain a complete set of debug data the n-bit sub- word will need 
to contain a different bit pattern for each run. For maximum flexibility each debug pin has an associated 
DebugDataSrc register that allows any of the 32 bits of the debug data word to be output on that particular 
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debug data pin. The debug data pin must be enabled for debug operation by having its corresponding bit in 
the DebugPinSel register set for the selected debug data bit to appear on the pin. 

The size of the sub-word is detennined by the number of enabled debug pins which is controlled by the 
DebugPinSel register. Note that the debug_data_yaHd signal is always output. Furthermore 
debug_cntrl[OJ (which is configured by DebugPinSel fOJ) controls the mux for both the debugJUita^valid 
dJi&pclk_out signals as both of these must be enabled for any debug operation. 

The mapping of debug_data_out[n] signals onto individual pins will take place outside the RDU. When 
the exact mapping has been finalised it will be recorded here. A proposed mapping is shown in Table 26 
below. 



Table 26. Example DebugPinSel mapping 







0 


phLfrctk. The dBbugjdataj^f^ signal will 
appear on this pin when enabled. Enabling this 
pin also automaticany enables the phLreadI pin 
which will output the pcn<.out signal 


1 


phi ^profiJe 


2 


phljsynd 


3 


test pinl 


4 


test pin2 


5-18 


Opio(0-..13J 



Table 27. RDU Configuration Registers 













0x80 


DetxjgSrc 


4 


0x00 


Denotes which block is supplying the debug 
data. The enoodtng of this block is given below. 
0-MMU 
1 - TIM 

2- LSS 

3- GPIO 

4- SCB 

5- lCU 
e-CPR 
7-DIU 
d-PCU 


0x84 


DebugPinSel 


19 


0x0.0000 


Detemriines whether a pin is used for debug data 
output. A provisional mapping of pin to bit posi- 
tk>n Is given in Table 26. 
1 - Pin outputs detHig data 
0 - Normal pin function 


0x88 to OxCC 


DebugDataSrcN 


5 


0x00 


Selects which bit of the 32-bit debug data word 
will be outputted on debug.data_out[N] 



11.9 Interrupt Operation 

The intcnupt controller unit (see chapter 14) generates an interrupt request by driving interrupt request 
lines with the appropriate interrupt level. LEON supports 15 levels of interrupt with level 15 as the highest 
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level (the SPARC architecture manual [32] states that level 15 is non-maskable but we have the freedom to 
mask this if desired). The CPU wUl begin processing an interrupt exception when execution of the current 
instruction has completed and it wiU only do so if the interrupt level is higher than the current processor 
priority. If a second interrupt request airives with the same level as an executing interrupt service routine 
then the exception will not be processed until the executing routine has completed. 

When an interrupt trap occurs the LEON hardware will place the program counters (PC and nPC) into two 
local registers. The interrupt handler routine is expected, as a minimum, to place the PSR register in 
another local register to ensure that the LEON can correctly renim to its pre-interrupt state. The 4-bit inter- 
rupt level (/>/) is also written to the trap type (rr) field of the TBR (Trap Base Register) by hardware. The 
TBR then contains the vector of the trap handler routine the processor will then jump. The TBA (Trap 
Base Address) field of the TBR must have a valid value befor« any interrupt processing can occur so it 
should be configured at an early stage. 

Interrupt pre-emption is supported while ET (Enable Traps) bit of the PSR is set This bit is cleared during 
the initial trap processing. In initial simulations the ET bit was observed to be cleared for up to 30 cycles. 
This causes significant additional interrupt latency in the worst case where a higher priority interrupt 
arrives just as a lower priority one is taken. 

The intenupt acknowledge cycles shown in Figure 24 below are derived from simulations of the LEON 
processor and accompanying interrupt controUer. This interrupt controller will be replaced by the ICU in 
the SoPEC design. The LEON signal names are used for fijture reference. An interrupt is asserted by driv- 
ing its (encoded) level on the iuUrl[3:0J signals. The LEON core responds to this, with variable timing, by 
reflecting the level of the taken interrupt on the iuoJrlfS. OJ signals and asserting the acknowledge signal 
iuo.intack.The interrupt controller then removes the interrupt level one cycle after it has seen the level been 
acknowledged by the core. If there is another pending interrupt (of lower priority) then this should be 
driven on iui,irl[3:0] and the CPU will take that interrupt (the level 9 interrupt in the example below) once 
it has finished processing the higher priority interrupt The iuoJrl[3:0] signals always reflect the level of 
the last taken interrupt, even when the CPU has finished processing all intemipts. 



pclk 



iul.irl(3:0] 0x0 



0x5 



0x0 



luo.lrl[3:0] R^NS^^S^^^^S^^ 0x5 



luoJntack 



iui.irl[d:0] 



0x9 



0x8 



iuo.irl[3:0] ^ 
iuo.intack 



OxA 



0x9 



Figure 24. Interrupt acknowledge cycles for a single and pending interrupts 
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11.10 Boot Operation 

See section 17.2 for a description of the SoPEC boot operation. 

11.11 Software Debug 

Software debug mechanisms are discussed in the "SoPEC Software Debug" document [1 5]. 



Doc: SoPEC_hardware_design S3 Proprietary Document 29 Nov 2002 

Version: 2.3 Page lOO 



SoPEC : Hardware Design 



12 Serial Communications Block (SCB) 

12.1 Overview 

The Serial Communications Block (SCB) handles the movement of all data between the SoPEC and the 
host device (i.e. PC) and between master and slave SoPEC devices. The SCB consists of a USB 1.1 device 
controller, an Intcr-SoPEC Interface OSI) and a DMA manager. A block diagram of the SCB is shown in 
Figure 25 below. The major blocks of the SCB, namely the ISI. USB and DMA manager, could be imple- 
mented as separate blocks but are integrated to take advantage of the performance gains and design simpli- 
ficatiotis that a tighter coupling allow. 



USB control 



SRAM 



4— ► 



SRAM/ 
Regfile 



-4- 



'sLgpjo_doutf1 :0) 



'si_gp{o_e[1 :0] 



gpioJsLdinn :0] 



USB 
Controller 



4— 



ISI 



SCB 
Control 
Block & 
DMA 
Manager 




— usb_clk 

usb_cpr_reset_n 

cpu_adrln:2] 
cpu_dataout[31 :0J 
scb_cpu_data[31 :0J 

cpu_scb_sel 
cpu_nwn 
cpu_acode[2:0J 
scb_cpu_rdy 
scb_cpu_berr 
dmajcujrq 
isi_icu Jrq 
usbjcujrq 

scb_diu.wadr(21 :5] 
scb__diu_datal63:0] 
scb_diu_wreq 
dfu_scb_wack 
scb.diu_wvalid 



■> scb„cpu_debug_valld 



isi_cpr_reset_n 



prst n 
pdk 



Figure 25. Serial Communications Block 



The USB Controller will be an imported piece of IP There are many possible sources of this block but it is 
hkely that it will be supplied by the silicon vendor - all three current silicon vendor candidates will supply 
USB 1 . 1 controllers, although some of these have been sourced from a third party. 
The SCB can be seen in the context of the overall SoPEC device in Figure 26 below 
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Figure 26. SoPEC toplevel blocit diagram 
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12.2 Definitions of I/Os 

Table 28. Serial Conmiunlcatlons Block I/O 



msmmm 






Clocks and Resets 










1 


In 


System reset signal. Activa low. 


pdk 


1 


In 


System dock. . 


usb.dk 


1 


In 


aock for the USB controller block. 


isLcpr.reset^n 


1 


Out 


Signal from the ISI indicating that ISi activity has been detected 
while in sleep mode and so the chip shoutd be reset Active low. 


usbjcprjresetjn 


1 


Out 


Signal from the USB controlier that a USB reset has occurred. 

Active low. 


CPU Interface 


cpu.adr(n:2] 


n-1 


In 


CPU address bus. Exact wWlh is cunently TBD as it is dependent 
on the address maps of imported IP ' 


cpu_dataoutl31:0] 


32 


In 


Shared write data bus from the CPU 


scb_cpu_data(3 1 :0J 


32 


Out 


Read data bus to the CPU 


cpu_rwn 




In 


Common read/hot-write signal from the CPU 


cpujc[2:0] 




In 


CPU Function Code signals. 


cpu_scb_sel 




in 


Blod( select from the CPU. When cpu^scb^seils high both cpu adr 
and cpu_<iataoutare valid 


scb_cpu_fdy 




Out 


Ready signai to the CPU. When scb_cpu_rdy\s high rt indicates the 
last cyde of the access. For a write cyde this means cpujdataout 
has been registered by the SCB and for a read cyde this means the 
data on scb^cpujctatst ts valid. 


scbjcpujberr 




Out 


Bus error signal to the CPU indicating an invalid access. 


scb_cpu_debug_vand 




Out 


Signal Indicating that the data cun^entiy on scb_cpu_data is valid 
debug data 


Interrupt signals 


dmajcujrq 




Out 


DMA tntermpt signal to the Interrupt controller Wock. 


isijcujrq 




Out 


ISI interrupt signai to the interrupt controtler Wock. 


usb_lcujrq 




Out 


USB interrupt signal to the interrupt controller btock. 


OIU interface 


scb_diu_wadff21 :5) 


17 


Out 


Write address tx;s to the DtU 


scb_diu_dataI63^)] 


64 


Out 


Data bus to the DIU. 


scb_diu_wreq 




Out 


Write request to the OIU 


diu.scb.wack 




in 


Acknowledge from the DIU that the write request was accepted. 


scb.dlu.wvalld 




Out 


Signai from the SCB to the DIU Indicating that the data cun-enfly on 
the scb.diu.data{63.D] bus is valid 


GPIO interface 


isi_gpk)_dout( 1 :0) 


2 


Out 


ISI output data to GPIO pins 


isi_gpio_e[1 :0] 


2 


Out 


ISI output enat)le to GPIO pins 


eptoJsLdin(1:0J 


2 


tn 


Input data from GPiO pins to ISI 
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I 12.3 MULTI-SOPEC SYSTEMS 



While single SoPEC systems are expected to form the majority of SoPEC systems the SoPEC device must 
also si^>port its use in muIti-SoPEC systems such as that shown in Figure 27 below. A SoPEC may be 
assigned any one of a number of identities in a multi-SoPEC system. A SoPEC may be one or more of a 
PnntMaster, a LineSyncMaster, an ISIMaster, a StorageSoPEC or an ISISlave SoPEC 



USB from Host ^ 




Figure 27. A3 duplex system featuring four printing SoPECs with a singTe" 
SoPEC DRAIVI device 



12.3.1 ISIIVIaster device 

The ISIMaster is the only device allowed to drive the common ISI line (see Figure 28) and interfaces 
directly with the host. In most systems the ISIMaster will simply be the SoPEC connected to the USB bus. 
Future systems, however, may employ an ISI-Bridge chip to interface between the host and the ISI bus and 
in such systems the ISI-Bridge chip will be the ISIMaster. There can only be one ISIMaster on an ISI bus. 

12.3.2 PrintMaster device 

The PrintMaster device is responsible for co-ordinating all aspects of the print operation. This includes 
Starting the print operation in all printing SoPECs and communicating status back to the host. When the 
ISIMaster is a SoPEC device it is also likely to be the PrintMaster as well. There may only be one Print- 
Master in a system and it is most likely to be a SoPEC device. 



Doc: SoPEC_hardwafe_design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 104 



SoPEC : Hardware Design 



12.3.3 LineSyncMaster device 

The LineSyncMaster device generates the Isync pulse that all SoPECs in the system must synchronize 
their line outputs with. Any SoPEC in the system could act as a LineSyncMaster although the PrintMaster 
is probably the most likely candidate. It is possible that the LineSyncMaster may not be a SoPEC device at 
all - it could, for example, come from some OEM motor control circuitry. There may only be one LineSyn- 
cMaster in a system. 

12.3.4 Storage device 

For certain printer types it may be realistic to use one SoPEC as a storage device without using its print 
engine capability - that is to effectively use it as an ISI-attached DRAM. A storage SoPEC would receive 
data from the ISIMaster (most likely to be an ISNBridge chip) and then distribute it to the other SoPECs as 
required. No other type of data flow (e.g. ISISlave -> storage SoPEC -> ISISlave) would need to be sup- 
ported in such a scenario. The SCB supports this functionality at no additional cost because the CPU han- 
dles the task of transferring outbound data from the embedded DRAM to the ISI transmit buffer. The CPU 
in a storage SoPEC will have almost nothing else to do. 

12.3.5 ISISlave device 

Multi-SoPEC systems will contain one or more ISISlave SoPECs. An ISISlave SoPEC is primarily used to 
generate dot data for the printhead IC it is driving. 

12.3.6 ISI-Bridge device 

SoPEC is targeted at the low-cost small office / home office (SoHo) market. It may also be used in future 
systems that target different market segments which are likely to have a high speed interface capability. A 
future device, known as an ISI-Bridge chip, is envisaged which will feature both a high speed interface 
(such as USB2.0, Ethernet or IEEE 1394) and one or more ISI interfaces. The use of multiple ISI buses 
would allow the construction of independent print systems within the one printer The ISI-Bridge would be 
the ISIMaster for each of the ISI buses it interfaces to. 

12.3.7 Host device 

The host device will invariably be, but is not required to be, a PC. Any device that can act as a USB host or 
that can interface to an ISI-Bridge chip could be the host device. In particular, with the development of 
USB On-The-Go (USB OTG), it is possible that a number of USB OTG enabled products such as PDAs or 
digital cameras wUl be able to directly interface with a SoPEC printer. 

12.4 Types of communication 

1 2,4.1 Commu nications with host 

The host commtmicates directly with the ISIMaster in order to print pages. When the ISIMaster is a 
SoPEC, the communications channel is USB 1,1. 

f 2,4. f , 1 Host to ISIMaster communication 

The host will need to communicate the following infonnation to the ISIMaster device: 

• Communications channel configuration and maintenance infonnation 

• All data destined for PrintMaster, ISISlave or storage SoPEC devices. This data is simply relayed by 
the ISIMaster 

• Mapping of virtual communicarions channels, such as USB endpoints, to ISI destination 
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12.4.1.2 iSiMaster to host communication 

The ISiMaster will need to communicate the following information to the host: 

• Communications channel configuration and maintenance information 

• All data originating from the PrintMaster, ISISlave or storage SoPEC devices and destined for the host. 
This data is simply relayed by the ISiMaster 

1Z4. 1. 3 Host to PrintMaster communication 

The host will need to communicate the following information to the PrintMaster device: 

• Program code for the PrintMaster 

• Compressed page data for the PrintMaster 

• Control messages to the PrintMaster 

• Tables and static data required for printing e.g. dead noz2:2e tables, dither matrices etc. 
« Authenticatable messages to upgrade the printer's capabilities 

1Z4. 1.4 PrintMaster to host communication 

The PrintMaster will need to communicate the following information to the host: 

• Printer status information (i.e. authentication results, paper empty^ammed etc.) 

• Dead nozzle information 

• Memory buffer status information 

• Power management status 

• Encrypted SoPEC Jd for use in the generation of PRINTER^QA keys during factory programming 

12.4.1.5 Host to iSiSiave communication 

All communication between the host and ISISlave SoPEC devices must take place via the ISiMaster. In 
the case of a SoPEC ISiMaster it is possible to configure each individual USB endpoint to act as a control 
channel to an ISISlave SoPEC if desired, although the endpoints will be more usually used to transport 
data. The host will need to communicate the following information to ISISlave devices over the coxruns/ 
ISI: 

• Program code for ISISlave SoPEC devices 

• Compressed page data for ISISlave SoPEC devices 

• Control messages to the ISISlave SoPEC (where a control channel is supported) 

• Tables and static data required for printing e.g. dead nozzle tables, dither matrices etc. 

• Authenticatable messages to upgrade the printer's capabilities 

12.4.1.6 iSiSiave to host communication 

All communication between the ISISlave SoPEC devices and the host must take place via the ISiMaster. 
The ISISlave will need to conununicate the following information to the host over the comms/ISl: 

• Responses to the host's control messages (where a control channel is supported) 

• Dead nozzle infomiarion from the ISISlave SoPEC. 

• Encrypted SoPEC.id for use in the generation of PRINTER_QA keys during factory programming 
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12.4.2 



Communication over iSI 



12.4.2. 1 ISIMaster to PrintMaster communication 



The ISIMaster and PiintMaster will often be the same physical device. When they are different devices 
then the following information needs to be exchanged over the ISI: 

• All data from the host destined for the PrintMaster (see section 12.4.13). This data is simply relayed 
by the ISIMaster 



The ISIMaster and PrintMaster will often be the same physical device. When they are different devices 
then the following information needs to be exchanged over the [SI: 

• All data from the PrintMaster destined for the host (see section 12.4.1.4). This data is simply relayed 
by the ISIMaster 



The ISIMaster may wish to conmiunicate the following information to the ISISlaves: 

• All data (including program code such as I Slid enumeration) originating from the host and destined for 
the ISISlave (sec section 1 2,4. 1 .5). This data is simply relayed by the ISIMaster 

• wake up from sleep mode 



The ISISlave may wish to communicate the following information to the ISIMaster: 
• AH data originating from the ISISlave and destined for the host (see section 12.4. 1.6). This data is sim- 
ply relayed by the ISIMaster 



When the PrintMaster is not the ISIMaster all ISI conununication is done in response to ISI ping packets 
(see 1 2.6.4.5). When the PrintMaster is the ISIMaster then it will of course communicate directly with 
the ISISlaves. The PrintMaster SoPEC may wish to conmiunicate the following infonnation to the ISISla- 
ves: 

• Ink status e.g. requests for dotCoum data i.e. the number of dots in each color fixed by the printheads 
connected to the ISISlaves 

• configuration of GPIO ports e.g. for clutch control and lid open detect 

• power down command telling the ISISlave to enter sleep mode 

• ink cartridge fail information 

This list is not complete and the time constraints associated with these requirements have yet to be deter- 
mined. 

In general the PrintMaster may need to be able to: 

• send messages to an ISISlave which will cause the ISISlave to return the contents of ISISlave registers 
to the PrintMaster or 

• to program ISISlave registers with values sent by the PrintMaster 

This should be under the control of software running on the CPU which writes messages to the ISI/SCB 
interface. 



1Z4.2.2 PrintMaster to ISIMaster communication 



12.4.2.3 ISIMaster to ISISlave communication 



12.4.2.4 ISISlave to ISIMaster communication 



12.4.2.5 PrintMaster to ISISlave communication 
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12.4.2.6 iSISiBve to PrintMaster communication 



ISISlaves may need to communicate the following information to the PrintMaster: 

• ink status e.g. dotCount data i.e. the number of dots in each color fired by the priotheads connected to 
the ISISlaves 

• band related information e.g. finished band intemipts 

• page related information i.e.buffer undemm, page finished intemipts 

• MMU security violation interrupts 

• GPIO interrupts and status e.g. clutch control and lid open detect 

• printhead temperature 

. • printhead dead nozzle infonnation from SoPEC printhead nozzle tests 

• power management status 

This list is not complete and the time constraints associated with these requirements have yet to be deter- 
mined. 

As the ISI is an insecure interface commands issued over the ISI should be of limited capability e.g. only 
limited register writes allowed. The software protocol needs to be constructed with this in mind In general 
ISISlaves may need to return register or status messages to the PrintMaster or ISIMaster. They may also 
need to indicate to the PrintMaster or ISIMaster that a particular interrupt has occurred on the ISlSlave. 
This should be under the control of software running on the CPU which writes messages to the ISI block. 



It is currently not anticipated that there will be any direct communication between ISlSlave SoPECs. How- 
ever they can communicate indirectly via the ISIMaster SoPEC. The most likely scenario for such a com- 
munication mechanism when the PrintMaster is not the ISIMaster (see sections 12.4.2.5 and 12.4.2.6 for a 
description of the infonnation exchanged between a PrintMaster and an ISlSlave), ISlSlave to ISlSlave 
communication would also be required when sending data stored in a storage SoPEC device to an 
ISlSlave. 



The USB 1 . 1 interface for the printer should consist of the USB connector, the necessary discretes for USB 
signalling and the SoPEC device. A SoPEC printer will act as a self-powered, full-speed device and 
SoPEC itself will not draw any power from the USB cable. It will support control and bulk transfers. 
Interrupt transfers are not considered necessary because the required interrupt-type functionality can be 
achieved by sending query messages over the control channel on a scheduled basis. There is no require* 
ment to support either isochronous or low-speed transfers. The USB controller must support at least 5 
USB eiidpoints: a control endpoint (cndpoint 0) and 4 bulk-data type endpoints. These 4 bulk-data type 
endpoints can be used for the transfer of any type of data: compressed page data, program data or control 
messages. They may also be mapped on to any target destination in a multi-SoPEC system i.e. configvira- 
tion is completely programmable. They are envisaged as always being used as USB IN endpoints i.e. they 
will transport data from the host to SoPEC. Any feedback data (e.g. status information) will be returned to 
the host on the control channel (endpoint 0). 

The USB device enumeration process will be handled by the SoPEC CPU and USB controller. Note that 
this requires the on-chip ROM to contain all the required USB driver code. This is not expected to be the 
full USB driver but rather a "USB-lite" driver that has sufficient functionality to download a program to 
DRAM. 

Details of the configuration registers and interface signals will be provided when the implementation IP 
for the USB controller core has been selected. There are several potential candidates for the USB 1.1 con- 



1Z4.2.7 iSiSiave to iSiSiave communication 



12.5 



USB 
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trollcr that are being evaluated in terms of cost, maturity, licensing requirements/restrictions, quality of 
deliverables etc. - as already mentioned the choice of silicon vendor is likely to play a large part in select- 
ing the USB controller 

12.5.1 ISI Master/1 SISIave Identification 

While the USB controUer is used for data transfer if a SoPEC is an ISIMaster it may, in certain cases, also 
be used to transfer data to an ISISlave. If the USB is not used for data transfer the device will certainly be 
an ISISlave. In this case the USB pins could be used to identify the device as an ISISlave as the USB 
device controller is expected to allow the single-ended quiescent state of the USB pins to be read by the 
CPU either directly or indirectly (as there should be a register indicating whether the USB controller is 
operating as a full-speed or low-speed device). We adopt the convention that an ISIMaster SoPEC has its 
USB pins configured for full-speed operation (i.e. a pull-up resistor on D+) and an ISISlave SoPEC has its 
USB pins configured for low-speed operation (i.e. a pull-up resistor on D-). This allows the ROM boot- 
code to quickly deterniine whether the SoPEC is an ISIMaster or ISISlave without needing to wait for 
USB activity. While the ISISlave SoPEC's USB controller believes it is a low-speed device it is never used 
and may be disabled completely (if possible) once the device has been identified as an ISISlave. Note that 
other combinations on the D+ and D- lines may result in unreliable operation of the USB controller. 

The SoPECs identity as an ISIMaster or ISISlave may also be determined from USB or ISI activity. If 
activity is seen on USB endpoints 2-4 then the device is an ISIMaster (note that it is not neccessarily an 
ISIMaster if activity is only seen on endpoints 0 or 1) and the ISI may automatically configiare itself as an 
ISIMaster in this situation. If the ISI receives ping packets then it is an ISISlave as only the ISIMaster can 
send ping packets. 

The most suitable ISIMaster/ISISlave identification scheme (i.e. use of USB pins or looking for USB/ISI 
activity) can be chosen by the software for any given printer. 

12.5.2 Wake-up from sleep mode 

The SoPEC will be placed in sleep mode after a suspend command is received by the USB controller. The 
extent of power-down in sleep mode is currently TBD (different silicon vendors offer different options) 
but it is expected to involve the loss of DRAM contents at a minimum. The USB controller (or portions of 
it) will continue to be powered and clocked in sleep mode. It is likely that a USB reset, as opposed to a 
device resume, will be required to bring SoPEC out of its sleep state as the sleep state is hoped to be logi- 
cally equivalent to the power down state. The exact reawakening mechanism will be finalised when the 
sleep state is more precisely defined and the particular implementation of the USB controller is chosen. 

The USB reset signal originating from the USB controller will be propagated to the CPR (as 
usb_cpr_reset^n) if the USBWakeupEnable bit of the WakeupEnable register (see Table 38) has been set. 
The USBWakeupEnable bit should therefore be set just prior to entering sleep mode. 

There are no conditions that require the SoPEC to initiate a USB device wake-up (i.e. where SoPEC sig- 
nals resume to the host after being suspended by the host). 

12.5.3 USB Speed 

The USB speed will be determined by amount of activity froni other devices that share the USB bus with 
the printer and the responsiveness of the host in handling USB interrupts. To guarantee bandwidth to the 
printer it is recommended that no other devices are active on the USB bus between the printer and the host. 
If the printer is connected to a USB2.0 host or hub it may limit the bandwidth available to other devices 
connected to the same hub but it would not significantly affect the bandwidth available to other devices 
upstream of the hub Used in the recommended configuration it is expected that an effective bandwidth of 
8-9 Mbit/s will be achieved. 
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12.6 ISI (Inter SoPEC Interface) 

The ISI is utilised in all system configurations requiring more than one SoPEC. An example of such a sys- 
tem which requires four SoPECs for duplex A3 printing and an additional SoPEC used as a storage device 
is shown in Figure 27. 

The ISI perfonns much the same function between an ISISlave SoPEC and the ISIMaster as the USB con- 
nection performs between the ISIMaster and the host. This includes the transfer of all program data, com- 
pressed page data and message (i.e. commands or status information) passing between the ISIMaster and 
I the ISISlave SoPECs. Existing requirements indicate that it is sufficient for the ISIMaster to initiate all 

communication with the ISISlaves. 

12.6.1 ISIMaster/ISISIave identification and ISISlave enumeration 

Section 12.5.1 details how a SoPEC is configured as an ISIMaster or ISISlave. The ISIId is established by 
software downloaded over the ISI (in broadcast mode) which looks at the input levels on a number of 
GPIO pins to determine the ISIId For any given printer that uses a multi-SoPEC configuration it is 
expected that there will always be enough free GPIO pins on the ISISlaves to support this enumeration 
mechanism. 



12.6.2 Wake*up from sleep mode 

Either the PrintMaster SoPEC or the host may place any of the ISISlave SoPECs in sleep mode prior to 
going into sleep mode itself. The ISISlave device should then ensure that its ISIWakeupEnable bit of the 
• WdkeupEnable register (see Table 38) is set prior to entering sleep mode. In an ISISlave device the ISI 
block will continue to receive power and clock during sleep mode so that it may monitor the gpio^isi^din 
I lines for activity. When ISI activity is detected during sleep mode and the ISIWakeupEnable bit is set the 

ISI asserts the isi_cpr_reset_n signal. This will bring the rest of the chip out of sleep mode by meazLS of a 
wakeup reset. See chapter 16 for more details of reset propagation. 

12.6.3 ISI speed 

The ISI will need to run at speed that will allow error free transmission on the PCB while minimising the 
buffering and hardware requirements on SoPEC. While an ISI speed of 10 Mbit/s is adequate to match the 
effective USBl.l bandwidth it would limit the system performance when a high-speed connection (e.g. 
USB2.0, IEEE 13 94) is used to attach the printer to the PC. Although they would require the use of an extra 
ISI-Bridge chip such systems are envisaged for more expensive printers (compared to the low-cost basic 
SoPEC powered printers that are initially being targeted) in the future. 

An ISI line speed (i.e. the speed of each individual ISI wire) of 32 Mbit/s is therefore proposed as it will 
allow ISI data to be oversampled 5 times (at a pclk frequency of 160MHz). The total bandwidth of the ISI 
will depend on the number of pins used to implement the interface. The current expectation is that two 
pins will be used, giving a peak raw bandwidth of 64 Mbit/s, and this is the scenario that is used in this 
document. However the ISI protocol will work equally well if four pins are used for transmission/recep- 
tion and this would give a peak raw bandwidth of 1 28 Mbit/s. The number of pins available for the ISI is 
currently under investigation as part of the package selection process. Wth either a two or four pin ISI 
solution a 32 Mbit/s line speed would allow the movement of data in to and out of a storage SoPEC (as 
described in 12.3.4 above), which is the most bandwidth hungry ISI use, in a timely fashion. 

The maximum effective bandwidth of a two wire ISI. after allowing for protocol overheads and bus turn- 
around times, is expected to be approx. 50 Mbit/s. 
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12.6.4 ISl protocol 

The ISI is a serial interface utilizing a two wire half-diqilex configuration as shown in Figure 28 below. An 
ISIMaster must always be present and up to 14 ISIS laves may also be on the ISI bus. The ISI bus enables 
broadcasting of data, ISIMaster to ISISIave communication, ISISlave to ISIMaster communication and 
ISISlave to ISISIave communication. Flow control, error detection and retransmission of errored packets is 
also supported. ISI transmission is asynchronous and a Start field is present in every transmitted packet to 
ensure synchronization for the duration of the packet. Bit-stuffing is required as it is expected that synchro- 
nization cannot be guaranteed for the length of the longest allowed packet^ Open Issue: This should be 
confirmed with the spec of the crystal used with SoPEC. We may wish to constrain the spec of xtalin and 
also xtalin for the ISI-Bridge chip to ensure the ISI cannot drift out of sync during packet reception. 
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Figure 28. ISI configuration with four SoPEC devices 

To maximize the effective ISI bandwidth while minimising pin requirements a two wire half-di^lex inter- 
leaved transmission scheme is used. Figure 29 below shows how a 16-bit word is transmitted from an ISI- 
Master to an ISISIave. Data is interleaved on a bit-by-bit basis over the two ISI lines and this requires all 
ISI packets to be an even number of bits in length. This interleaving could easily be extended to four pins 
if required. 

All ISI transactions are initiated by the ISIMaster and every non-broadcast data packet needs to be 
acknowledged by the addressed recipient. An ISISIave may only transmit when it receives a ping packet 
(see section 12.6.4.5) addressed to it. To avoid bus contention all ISI devices must wait one bit-time (5 pclk 
cycles) after detecting the end of a packet before transmitting a packet (assuming they are required to 
transmit). All non-transmitting ISI devices must tristate their Tx drivers to avoid line contention. A pull-up 
resistor is therefore required on both ISI lines to reduce the possibility of false data detection. The ISI pro- 
tocol is defined to avoid devices driving out of order (e.g. when an ISISIave is no longer being addressed). 
As the ISI will use standard I/O pads there will be no physical collision detection mechanism. 



Current max packet size 290 bits = 145 bits per line (on a 2 wire ISI) = 725 160MHz cycles. Thus the pc/Jb in the two communicat- 
ing ISI devices should not drift by more than one cycle in 725 i.e. 1 379 ppm. Careful analysis of the crysul, PLL and oscillator specs 
and the sync detection circuit is needed here to ensure our solution is robust 
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Figure 29. Half-duplex rnteiieaved transmission from ISIMaster to ISISIave 

There are three types of ISI packet: a long packet (used for data transmission), a ping packet (used by tiie 
ISIMaster to prompt ISISlaves for packets) and a short packet (used to acknowledge receipt of a packet). 
All ISI packets are delineated by a Start and Stop fields and transmission is atomic i.e. an ISI packet may 
not be split or halted once transmission has started. 



12. 6,4. i iSi transactions 



The different types of ISI transactions are outlined in Figure 30 below. As described later all NAKs are 
inferred and ACKs arc not addressed to any particular ISI device. 
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ISISIave B 
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Transaction 1: Long packet to an addressed ISISIave 
ISISIave A 



ISISfave B 




Transaction 2: Ping packet to an addressed ISISIave. ISISIave has nothing to send 
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ISIMaster 



ISISIave A 



ISISIave B 



Transaction 3: Ping packet to an addressed ISIS[ave. ISISIaveA responds with a lone packet to 
ISISIaveB and ISlSlaveB responds with an ACK or NAK. 



ISIMaster 



ISISIave A 



ISISIave B 





long__ — - 











Transaction 4: Ping packet to an addressed ISISIave. ISISIaveA responds with a long packet to 
the ISIMaster and the ISIMaster responds with an ACK or NAiC 

Figure 30. ISI transactions 

12.6.4,2 Start field description and bit stuffing 

The Start field serves two purposes: To allow the start of a packet be unambiguously identified and to 
allow the receiving device synchronise to the data stream. The symbol, or data value, used to identify a 
Start field must not legitimately occur in the ensuing packet. Bit stuffing is used to guarantee that the Start 
symbol will be unique in any valid {i.e. error free) packet. The Start symbol should therefore be suffi- 
ciently long to ensure that die bit stuffing overhead is low but should still be short enough to reduce its own 
contribution to the packet overhead. A Start bit length of 8 bits is therefore used as it is an effective com- 
promise between these two constraints. The Start field, like every byte in a packet, is transmitted with its 
rightmost (Isb) bit first 

If the correct symbol value is used bit stuffing offers the further advantage of forcing transitions on the ISI 
lines which will allow synchronization be maintained. Unfortunately a symbol value that is good for fore- 
ing transitions (e.g. 0x00) is not good for guaranteeing initial synchronization and vice versa i.e. a symbol 
such as OxAA would ensure initial synchronization but cannot prevent synchronization being lost if a long 
run of zeroes or ones is subsequently transmitted. 

To resolve this conflict the Start symbol will be OxAA and three different types of bit stuffing are used. 
Whenever OxAA is encountered in the data stream a 0 is inserted before the msb resulting in the 9.bit 
value Oxl2A (i.e. blOlOlOlO -> blOOlOlOlO). To ensure transitions occur during a long run of zeroes a 1 
is inserted after 7 zeroes thus 0x00 becomes 0x080 (i.e. bOOOOOOOO -> bO 10000000). Likewise to ensure 
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transitions will occur during a run of ones a 0 is inserted after 7 ones and so OxFF becomes Oxl7F (i.e. 
bl 1 11 1 1 1 1 -> blOl 1 1 1 1 11). The receiving ISI device must detect these special values and strip out the 
inserted ones and zeroes. 

Note that any violation of bit stuffing will result in the FrameError status bit being set and the incoming 
packet will be treated as an errored packet. Furthermore if the Start field is not received as OxAA the 
FrameError status bit is set and incoming data is discarded until a correct Start field is detected 
In a truly random data such a bit stuffing scheme could cause an overhead of approx. 0.15%. While the 
data transmitted over the ISI wUl not be truly random (0x00 and OxFF are likely to occur more often than 
they would in a random data set) the overhead should remain low and will never exceed 11 1% (i e 1 in 
every 9 bits). 

12.6.4.3 Stop fieid description 

A 2-bit Stop field (= bl 1 ) is used to ensure that both lines return to the high state before the next packet is 
transmitted Two bits are required because die Stop field will be interleaved over both ISI lines (4 bits 
would be used in a 4 wire ISI), The Stop field is not subject to bit stuffing because bit stuffing could result 
in the final transmitted bit being a 0 on one of the ISI lines. 

12.6.4.4 iSi iong packet description 

The format of a long ISI packet is shown in Figure 31 below. Data may only be transferred between ISI 
devices using a long packet as both the short and ping packets have no payload field Except in the case of 
a broadcast packet, the receiving ISI device will always reply to a long packet with either an expUcit ACK 
(no error detected m received packet) or an inferred NAK (an error was detected in the received packet) 
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Start 
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256 bits 16bas 2 bits 

Figure 31. ISI long packet 
All long packets begin with the Start field as described earlier. The PiaDesc field is described in Table 29. 
Table 29. PktOesc field description 









0 


Packet type Indicator: 
1 • Short packet 

0 - Non-short (i.e. long/pmg) packet 
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Table 29. PktOesc field description 



mm 




1 


Data paytoad present Indicator 

1 - This packet contains payload O-e. long packet) 

0 - This packet has no payload 


2 


Sequence bit value. Onty valkJ for kxig packets. See section 12.6.4.8 fer a 
descriptk>n of sequence bit operation 



Any ISI device in the system may transmit a long packet but only the ISIMaster may initiate an ISI trans- 
action using a long packet. An ISISlave may only send a long packet in reply to a ping message from the 
ISIMaster. A long packet from an ISISlave may be addressed to any ISI device in the system although the 
ISIMaster (or the PrintMaster if it is a different device) will be the usual recipient. 

The Address field is straightforward and complies with the ISI naming convention described in section 
12.7. 

The payload field is exactiy what is in the transmit buffer of the transmitting ISI device and gets copied 
into the receive buffer of the addressed ISI device(s).When present the payload field is always 256 bits. 
To ensure strong error detection a 16-bit CRC is appended This CRC is calculated over the entire packet 
(excluding the Stan and Stop fields). The HDLC standard CRC-16 (i.e. G(x) «= x^^ +x" + +/) is to be 
used for this calculation, which is to be performed serially. 



1Z6.4.5 ISI ping packet 

The ISI ping packet is used to allow ISISlaves transmit on the ISI bus. As can be seen from Figure 32 
below the ping packet is cab be viewed as a special case of the long packet. In other words it is a long 
packet without any payload, whose PktDesc field is always bOOO and whose ISISubId is always 1. The 
ISISubId is imused in ping packets because the ISIMaster is addressing the ISI device rather than one of 
the DMA channels in the device. The ISISlave may address any ISIId.ISISubId in response if it wishes. 
The ISISlave will respond to a ping packet with either an explicit ACKL (if it has nothing to send), an 
inferred NAK (if it detected an error in the ping packet) or a long packet (containing the data it wishes to 
send). Note that inferred NAKs do not result in the retransmission of a ping packet This is because the 
pmg packet will be retransmitted on a predetermined schedule (see 1 2.6.4. 10 for more details). 



tl2 bp b4 ^^"^^ ^ bO- 
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Figure 32. JSI pfng packet 

An ISISlave should never respond to a ping message to the broadcast ISIId as this must have been sent in 
error. An ISI ping packet will never be sent in response to any packet and may only originate from an ISI- 
Master. ^ J & 
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12.6.4.6 ISI short packet description 

ZTr. '^^^.^f As « If bit CRC IS inappropriate for such a shon packet it is not used. In fac^ there is 
1/ Shn% v^"' ' 14-bu short ACK packet as the Stan, ACK and Src^ symbols aU have&ceJ^ 
p"2kSo:^t n;^";^3 - «P"^^' ^CKs). ^^le for^ of a short ,SI 



Start 


Ack 
Symbol 


Stop 


III. 


8 bits 


4 bits 


2 bits 



Figure 33. Short ISI packet 

12.6.4.7 Error detection and retransmission 



The 16-bit CRC will provide a high degree of error detection and the probabUity of transmission errors 
?S"ZfbLrT 'TZ^^ ^^on channel (i.e. PCB traces) willLve a low inh^^bftT^^te 
C^SLL^S^^"? ^ ^•'"P'*' retransmission mechanism frees 

mor LoSn/^Srl ^'"""^ '"^^ ^'^^'^ ''"^^"^ ^•'^ probability of a transmission 

error occumng more than once m succession is very, very low in normal circumstances. 

After each non-diort ISI packet is transmitted the transmitting device will open a reply window The size 
of the reply wmdow will be 9 bit times (i.e. 14 bits transmitted on two wires plus 2 biLme7to aUol for 
bus turnarounds and timing differences) when a short packet is expected and 147 bit timT(i^ bt 

I ^- * °' P*^*) «P>y ^^ndow closes. When detected 

Set oT^ receiving ISI device will not send any response. The Lismitting ISI devi« inte^Jete 
SiSl^'P"'^ ^^"^ '"^.'^^^"e that errors were detected in the transmitted packet or S S 
receivmg device was unable to receive the packet for some reason. If a long packet wi> tran^^ittS the 
ttansmitting ISI device will keep the transmitted packet in its transmit buffer for retr^Sa i? tJe 
^ZTlS^^r " " -^sniit the packet immediately whSe^T^nimJg 

device IS an ISISlave it will retransmit the packet in response to the next ping it «ceives from SSi- 

r^ei^eT^Acl Ifr'tSe nlhir'nf "1""' -?^i«i«>8 the packet when it receives a NAK until it either 
receives ai^ ACK or the number of retransmission attempts equals the value of the NumRetries rerister If 
??e^""T transmitting device sets the Terror bit in iuSSS^feSer 

^ioiS oa^^L^c* "^""^ ^ '''^""^ ''^Sister whenever it detects Numtt^T"l 

cl^rlw f ^^'^^'O^- The NumRetries registers in all ISI devices should therefore be set to the 
same value for consistent operation. Note that successful transmission or reception of ping paVkett do t^t 

"^TsmT^r^'^T"^'"' 'SI device rc^iv^g a p^^cteufe^^^^^ 

an ISIS ave the NumRetnes count will be reset if it subsequently receives an error L jacket from a^y ?S^ 
device (which may not be the ISISlave that transmitted the errored packet). Thus the LEr^r o^mL^ 
^if^T^ 'Zl^'^'^' '^'5'^"*' transactions as these are the only ones whereV^S^o^S wiS 
IwTnaKs wtZ:'^^^^^^ T ^'"^"^"^ « NumRetriesCount winSTwSwouW 

Sen wfh^^?/S^ * tSr** be counted. If A^um/Ieine. is exceeded within this window 

men we xiavc a /Ocfirror otheiwise wc can reset the count. 
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Note that either a transmit or receive eiror will cause the ISI to stop transmitting or receiving respectively 
CPU intervention will be required to resolve the source of the problem and to restart the ISI transmit or 
receive operation. Transmit or receive errors should be extremely rare and their occurrence will most 
likely indicate a serious problem. 

Note that broadcast packets are never acknowledged to avoid contention on the common ISI lines If an 
ISISlave detects an error in a broadcast packet it must use the message passing mechanism described ear- 
lier to alert the ISIMaster to the error. 

12.6.4.8 Sequence bit operation 

To ensure that communication between transmitting and receiving ISI devices is correctly ordered a 
sequence bit is included in every long packet to keep both devices in step with each other. Sequence bits 
are not used for short or ping packets as they are not used for data transmission. In addition to the transmit- 
ted sequence bit all ISI devices keep two local sequence bits, one for each ISISubld. Furthermore each ISI 
device maintams a transmit sequence bit for each ISIId and ISISubld it is in communication with For 
packets sourced from the host (via USB) the transmit sequence bit is contained in the relevant USBEPnD- 
■ %T^^ ^'^^^^ transmit sequence bit is contained in the 

'^yjfip^'fffCnirl register. The sequence bits for received packets are stored in DMAOSeqBit and 
DMAISeqBU registers. All ISI devices will initialise their sequence bits to 0 after reset. It is the responsi- 
of software to ensure that the sequence bits of the transmitting and receiving ISI devices are cor- 
rectly miualised each time a new source is selected for any ISIId.ISISubId channel. 
Sequence bits are not used in all broadcast and ping packets. Each SoPEC may also ignore the sequence 
bit on either of its ISISubld channels by setting the appropriate bit in the SequenceMask register. The 
sequence bit should be ignored for ISISubld channels that will carry data that can originate from more 
than one source and is self ordering e.g. control messages. 

A receiving ISI device will toggle its sequence bit addressed by the ISISubld only when the receiver is 
able to accept data and receives an error-free data packet addressed to it. The transmitting ISI device will 
toggle its sequence bit for that ISIId.ISISubId channel only when it receives a valid ACK handshake from 
the addressed ISI device. 

Figure 34 shows the transmission of two long packets with the sequence bit in both the transmitting and 
receivmg devices toggling from 0 to 1 and back to 0 again. The toggling operation will continue in this 
manner m every subsequent transmission until an error condition is encountered. 



Transmitting 
ISI Device 



Receiving 
ISI Device 




Figure 34, Successful transmission of two long packets with sequence bit toggling 
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When the receiving ISI device detects an error in the transmitted long packet or is unable to accept the 
packet (because of full buffers for example) it will not return any packet and it will not toggle its local 
sequence bit An example of this is depicted in Figure 35. The absence of any response prompts the trans- 
mitting device to retransmit the original (seq=0) packet. This time the packet is received without any errors 
(or buffer space may have been freed) so the receiving ISI device toggles its local sequence bit and 
responds with an ACK. The transmitting device then toggles its local sequence bit to a 1 upon correct 
receipt of the ACK. 



Transmitting 
ISI Device 




0 


...SSl50_^_^ 


0 




0->1 


^ — ■ 



Receiving 
ISI Device 



0->1 
1 



Figure 35. Sequence bit operation with errored long packet 

However it is also possible for the ACK packet from the receiving ISI device to be comipted and this sce- 
nario is shown in Figure 36. In this case the receiving device toggles its local sequence bit to 1 when then 
long packet is received without error and replies vnth an ACK to the transmitting device. The transmitting 
device detects an error in the ACK packet and so will not change its local sequence bit. It then retransmits 
the seq=0 long packet. When the receiving device finds that there is a mismatch between the transmitted 
sequence bit and the expected Oocal) sequence bit is discards the long packet and replies with an ACK. 
When the transmitting ISI device correctly receives the ACK it updates its local sequence bit to a 1 , thus 
restoring synchronization. Note that when the SequenceMask bit for the addressed ISISubId is set then the 
retransmitted packet is not discarded and so a duplicate packet will be received. The data contained in the 
packet should be self-ordering and so the software handling these packets (most likely control messages) 
is expected to deal with this eventuality. 



Transmitting Receiving 
ISI Device fSI Device 




Figure 36. Sequence bit operation with ACK error 
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1Z6.4.9 Flow control 



The ISI also supports flow control by treating it in exactly the same manner as an error in the received 
packet Because the SCB enjoys greater guaranteed bandwidth to DRAM than both the ISI and USB can 
supply flow control should not be required during normal operation. Any blockage on a DMA channel will 
soon result m the NumRetries value being exceeded and transmission to that DMA channel beine halted 
Because flow control is treated in the same manner as an error in the received packet neither the tonsmit- 
tmg nor the reccmng ISI device will be able to dlflcientiate the cause of a TxErmr or RxError. 

1 2.6.4.10 Auto-plng operation 

"^1%%%^^^ of the ISIMaster could send a ping packet by writing the appropriate header to the 
CPUISJTxBuffCnirl register >t is expected that all ping packets will be generated in the ISI itself The use 
of automatically generated ping packets ensures that ISISIaves will be given access to the ISI bus with a 
programmable mmmium guaranteed frequency in addition to whenever it is idle. Five registers facilitate 
^!i*f*T^."= Sencrati^n offing messages within the ISI: PingScheduleO. PingSchedulel. PingSchedule2. 
ISnbta Period zsiA ISILocalPeriod. Auto-pinging can be enabled or disabled by writing to the AutoPin- 
gEnable bit of the ISICntrl register. 

Each bit of the 14-bit PingScheduleN register corresponds to an ISIId that is used in the Addn^s field of 
the pmg packet and a 1 m the bit position indicates that a ping packet is to be generated for that ISDd. A 0 
in any bit position will ensure that no ping packet is generated for that ISIId. As ISISIaves may differ in 
their bandwidUi requirement (particularly if a storage SoPEC is present) three different PingSchedule reg- 

?K Z/" ^^^^^^^ *° *^ ^""^ °f P'"g^ ^ mother active 

ISISlave. Vl^en the ISIMaster us not sending long packets (sourced from either the CPU or USB in the 

^ VI ^^^^^^ 'SI ping packets will be transmitted according to the pattern given by the three 

PmgScheduleNT^Z^ers TTxe ISI will start with the Isb of PingScheduleO register and work its way from 
sb through msb of each of the PingScheduleN registers. When the msb of PingSchedule2 is reached the 
idiSSj^«er continues to cycle through each bit position of each />i>ig- 

S?^?'rtfB'^°° °'^*"*°-P'"fi.°P"***°'' ^« ^ potential sources of packets in an ISIMaster 

t!^^ .V f.,'w f"»-Ping. Arbitration between the CPU and USB for access to the ISI is handled 

outside the ISI (see section 12.7.7) but arbitration between auto-ping packets and CPU/USB originating 
packete. which we will refer to as local packets, happens within the ISI. To ensure that local packets gel 
pnonty whenever possible and that ping packets can have some guaranteed access to the ISI we use two 4- 
b,t counters whose reload value is contained in the ISITotalPeriod and ISILocalPMod registers. As we will 
na^k^t -T'^"" L"**^ ^ ISIM^T transmitting either a long packet or a ping 

packet. The ISnbtalP^nod counter us decremented for every ISI transaction when contention occurs (i.e 
both a ping and a local packet wish to transmit) while the ISIUcalPeriod counter is decremented for every 
local packet that is transmitted. Neither counter is decremented by a retransmitted packet, 
•nie amount of guaranteed ISI bandwidth allocated to both local and ping packets is determined by the val- 
fte /i/?" ^-^^^'-f iSII^oalP^riod registers. Local packets will always be given priority when 

Oie ISILocalPenod counter is non-zero. Ping packets will be given priority when the ISIUcalPeriod 
comiter IS zero and the ISITotalPeriod counter is still non-zero. Both the ISITotalPeriod and ISILocalZ 
llt^A ? !^ ^^^"^ "^'l""* *e ISITotalPeriod counter has 

7^t^y^i:^'fX:' '^""^ P^**^ « °f 

Note that ping packets are quite likely to get more than their guaranteed bandwidth as they will be trans- 

S nactT" " ^""""^ ^'^^'^'> decn.meni'either co^er. 

r^^^J^^ ■ "^'^ 'heir guaranteed bandwidth because each local 

/iw^i^"!/ decrements both counters. The difference between the values of the ISITotalPeriod and 
ISILocalPenod registers detennines the number of automatically generated ping packets that a« guaran- 



Ooc: SoPEC_hardware^design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 119 



SoPEC : Hardware Design 



te«;d to be transmitted every ISITotalPeriod number of ISI tnmsactioiis. If the iSFTotalPeriod and ISILo- 
cfl/ftnbrf ^ues are the same then the local packets wiU always get priority and could totally exclude ping 
packets ifthe CPU always has packets to seaid. j cpiag 

For example if ISITotalPeriod = OxC: ISHocalPeriod = 0x8; PingScheduleO = 0x07; PingSchedulel = 
0x06 and PtngScheduU2 = 0x04 then four ping messages are guaranteed to be sent in every 1 2 ISI transac- 
tions. Furthermore ISIIdS wiU receive 3 times the number of ping packets as ISIdl and ISIId2 will receive 
twice as many as ISIdl. Thus over a period of 36 contended ISI transactions (allowing for two fiill rota- 
tions through the three PingScheduleN registers) when local packets are always pending 24 local packets 
will be sent, ISIdl will receive 2 ping packets. ISId2 will receive 4 pings and ISId3 wUl receive 6 ping 
packets. If local traffic is less frequent then the ping frequency will automatically adjust upwards to con- 
sume all idle ISI bandwiddi. 



12.6.4. 11USI Registers 



Table 30 below dctaUs the ISI configuration registers. Note that some of these registers are also used by 
other blocks in the SCB. ' 



Table 30. ISI configuration registers 



^^^^^^ 








vrnmrnm 


0x00 


JSfCntrl 


5 


0x2 


ISI Control register 


0x04 


ISild 


4 


0x1 


ISIId for this SoPEC. A value of 0 indicates the 
device is an (SIMaster. Note that the SoPEC resets 
to being an ISISlave and that OxF (the broadcast 
iSHd) is an illegal value and should not be written to 
this register. 


0x08 


NumRetries 


4 


0x02 


Number of retjansrrtissions to attempt in response to 
a NAK before aborting a long packet transmission 


OxDC 


ISIPingScheduteO 


14 


0x0000 


Denotes which iSllds will be receive ping packets. 
Note that bitO refiars to ISIIdl. biti to ISIId2...bit13 to 
tSiM14. 


0x10 


ISIPingSchedulel 


14 


0x0000 


As per PingScheduleO 


0x14 


ISIPingSchedule2 


14 


0x0000 


As per PingScheduieO 


0x18 


ISITotalPeriod 


4 


OxF 


Rek>ad value of the iSlTotal Period counter 


0x1 C 


ISILocal Period 


4 


OxF 


Reload value of the ISILocalPeriod counter 


0x20 


ISIStatus 


6 


0x00 


ISI Status register. This register is Readonly, 


0x24 


ISlMask 


6 


0x00 


fSI Intemjpt Mask register 


0x30 - 0x4C 


CPUISITxBuff 


32 


n/a 


32-byte CPUISI transmit buffer 


0x50 


CPUISITxBuffCntrl 


13 


0x0000 


Control register for the CPUISI transmit buffer 


0x60 - 0x7C 


CPUtSIRxBuff 


32 


n/a 


32-byte ISI receive buffer. This is the half of the dou- 
ble buffer that contains the oldest data. 


0x80 


iSIRxBuffOest 


1 


0x0 


Only one of the CPU and the DMA manager is 
altowed to empty the receive buffer at any time. 
1 e CPU will empty the receive buffer 
0 = DMA manager will empty the receive buffer 



12.6.4.11.1 



ISr control register 

The ISICntrl register is described in Table 31 below. Note that the reset value of this register allows the 
SoPEC to automatically become an ISIMaster (AutoMasterEnable - 1) if any USB packets are received on 
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endpoints 2-4. On becoming an ISIMaster the ISIId register is set to 0. the TxEnable bit of the tSICntrl reg- 
ister IS set and any USB or CPU packets destined for other ISI devices are transmitted. The CPU can over- 
ride this capability at any time by clearing the AutoMasterEnabte bit Automatic ping operation can only 
be enabled by the CPU as the reset values of the PingScheduleNi^pstcn are aU 0 and neither PMA chaii- 
nel is automatically configured. 

Table 31. ISICnUI register 



mm 








TxEn^d 








0 


Enables ISI iransmfssfon of long or ping packets. This is cleared by 
transmit enors and so needs to be restarted by the CPU. Note that 
ACKs may still be transmitted when this bit is 0. 
1 B Transmission enabled 
0 ° Transmission disabled 


RxEnable 


1 


Enables ISt reception. This te cleared by receive errors and so 
needs to be restarted by the CPU. 
1 = Reception enabfed 
0 s Reception disabled 


AutoPingEnable 


2 


Enables auto>ping operation 
1 = auto-ping enabled 
0 auto-ping disabled 


AutoMasterEnable 


3 


Enables the device to automatically become the ISIMaster if activ- 
ity Is detected on USB endpolnt82-4. 
1 = auto-rfnaster operation enabled 
0 = auto-master operation disabled 



12.6.4,11.2 



ISI status register 

The ISIStatus register is read-only to the CPU. Status bits are set by the relevant condition occurring and 
are cleared by wntmg to either the TxEnable or RxEnable bits of the ISICntrl register or the CPUfSITx- 
Buff, 



Table 32. ISIStatus register 









rrcunecrror 


Q 


naming error detected in the received packet. This can be caused 
by an incon-ect Start or Stop field or by bit stuffing errors 


RxError 


1 


A CRC enror or flow control .condition was detected in NumRe- 
tnes^i successive packets (excluding ping packets) 


RxBuffPuIl 


2 


There is no space remaining in the receive double buffer 


RxBuffOvemow 


3 


An overflow has occurred In the ISI receive buffer and a packet had 
to be dropped. 


CPUISrTxBuffEmpty 


4 


The CPUISITxBuff is empty 


TxEnror 


5 


Transmission error. Receh/Ing ISI device woukJ not accept the 
transmitted packet Only set after NumRetries unsuccessful 
retransmissions (excluding ping packets) 
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12.6.4.1 1.3 ISI mask register 



An interrupt will be generated in an edge sensitive manner i.e the ISI will generate an isijcu irq pulse 
each time a status bit goes high and the corresponding bit of the ISIMask register is enabled. 

Tabfe 33. ISIMask register 









hrametrronnttn 


0 


Intenvpt enable mask bit for the FrameError status bit 


RxErrorlntEn 


1 


Interrupt enaUe mask bit for the RxError status bit 


RxBuffFudlntEn 


2 


Intemjpt enable mask bit for the RxBuffFull status bit 


RxBuffOvorflowlntEn 


3 


Interrupt enable mask bit for the RxBuffOverfiow status bit 


CPUISrTxBuffEmpty- 
IntEn 


4 


interrupt enable mask bit for the CPUISrrxBuffEmpty status bit 


TxErPDrintEn 


5 


Interrupt enable mask bit for the TxEnor status bH 



12.6.4.11.4 CPUISJTxBuffCntrl register 

The CPUISITxBuffCntrl register contains the header field for the packet in the CPUISI transmit buifer 
Writing to this buffer validates the contents of the CPLQSI transmit buffer i.e. each time the CPU places a 
packet in the CPUISI transmit buffer it must write the packet header to this register to initiate its transfer in 
to the see transmit buffer (see section 12.7). Note that the CPU is responsible for toggling the sequence 
bit of any long packets it wishes to transmit. The CPUISITxBujffEmpty status bit will be set when CPUTx- 
PktSae bytes have been transferred to the SCB transmit buffer. 



Table 34. CPUISITxBuffCntrl register 





mm 








PktDesc field (as per Table 29) tor the packet currently in the CPU- 
ISI transmit buffer. 


DestlSISubId 


3 


Indicates whteh OMAChannet of the target SoPEC the data In the 
CPUISI transmit buffer is destined for: 

0 s DMAChannelO 

1 - DMAChannell 


DestlSlld 


7:4 


Denotes the ISIId of the target SoPEC as per Table 35 



12.7 SCB Mapping 



In order to support maximum flexibility when moving data through a multi^SoPEC system it is possible to 
map any USB endpoint onto either DMAChannel within any SoPEC in the system. A logical view of the 
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SCB is shown in Figure 37. This view diflFers from the likely implementation but it allows for a clearer 
depiction of data movement within the SCB. 



SCB 



cpuisr 

TxBuffer 



USB 
Host 



USB 

Controller 



SCB 

Control 

Block 



CPU Subsystem Bus 



SCB 

TxBuffer 



SCB 
Map 



DMA 
Manager 



ChanneJQ 



Ch4nnel\ 



Rx 



ISI 



CPU 



DIU 



— Isl_din 
■> isLdout 



Figure 37. SCB logical view 

The SCB map. and indeed the SCB itself is based around the concept of an ISIId and an fSISubld. Each 
SoPEC in the system has a unique ISIId and two ISISublds. namely ISISubldO and ISISubldl . We use the 
convention that ISISubldO corresponds to DMAChannelO in each SoPEC and ISISubldl corresponds to 
DMAChannell. The naming convention for the ISDd is shown in Table 35 below and this would corre- 
spond to a multi-SoPEC system such as that shown in Figure 27, We use the term ISIId instead of SoPE- 
Cld to avoid confusion with the unique ChipID used to create the SoPEC id and SoPECJd.key (see 
chapter 1 7 and {9] for more details). 



Table 35. ISIId naming convention 





sm. 




0 


ISIMaster (typically a SoPEC connected to the host via USB1.1} 


1 -14 


ISISIave1.14 


15 


Broadcast ISIId 



— wx,4«i,„t«,u toiiu iuiti laiouDiu lucreiore auow us CO aooress any UMAL^hannel m the system. The ISI, 
DMA manager and SCB map hardware use the ISIId and ISISubId to handle the different data streams that 
are active in a multi-SoPEC system as does the software running on the CPU of each SoPEC. In this docu- 
ment we will identify DMAChannels as ISLx.y where x is the ISIId and is the ISISubId Thus ISI2.1 
refers to DMAChannell of ISISIave2. Any data sent to a broadcast channel, i.e. ISI15.0 or ISIlS.l, are 
received by every ISI device in the system including the ISIMaster (which may be an ISI-Bridge). 

The USB controller and sofhvare stacks however have no understanding of the ISIId and ISISubId but the 
Silverbrook printer driver sofhvare running on the host PC does make use of the ISIId and ISISubId. USB 
is simply used as a data transport - the mapping of USB endpoints onto ISIId and SubId is communicated 
from the host PC Silverbrook code to the SoPEC Silverbrook code through USB control (or possibly bulk 
data) messages i.e. the mapping information is simply data payload as far as USB is concerned. The code 
running on SoPEC is responsible for parsing these messages and configuring the SCB accordingly. 
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The use of just two DMAChannels places some limitations on what can be achieved without software 
intexvention. For every SoPEC in the system there are more potential sources of data than there are sinks 
For example an ISISlave could receive both control and data messages ftom the ISlMaster SoPEC in addi- 
tion to control and data from the host, cither specifically addressed to that particular ISISlave or over the 
broadcast ISI channel. However all ISISlaves only have two possible data sinks, i.e. the two DMAChan^ 
nels. Another example is the ISlMaster in a multi-SoPEC system which may receive control messages 
from each SoPEC m addition to control and data information from the host (e.g. over USB) In this case all 
of the control messages are in contention for access to DMAChannelO. We resolve these potential conflicts 
by adopting the following conventions: 

1) Control messages may be interleaved in a memory buffer: The memory buffer that the 
DMAChannelO points to should be regarded as a central pool of control messages. Every control 
message must contain fields that identify the size of the message, the source and the destination of 
the control message. Control messages may therefore be multiplexed over a DMAChannel which 
allows several control message sources to address the same DMAChannel. Furthermore, if SoPEC- 
type control messages contain source and destination fields it is possible for the host to send control 
messages to individual SoPECs over the ISI 1 5.0 broadcast channel. 

2 ) Data messages should not be interleaved in a memory buffen As data messages are typically 

part of a much larger block of data that is being transferred it is not possible to control their contents 
in the same manner as is possible with the control messages. Furthermore we do not want the CPU 
to have to perform reassembly of data blocks. Data messages from different sources cannot be inter- 
leaved over the same DMAChannel - the SCB map must be reconfigured each time a different data 
source is given access to the DMAChannel 

3 ) Every reconfiguration of the SCB map requires the exchange of control messages: The only 

active SCB map in a multi-SoPEC system is the SCB map in the ISlMaster as all ISISlaves auto- 
matically send data addressed to themselves to either DMAChannelO or 1 i.e. the ISI is the only 
source of incoming data in an ISISlave. The ISIMaster's SCB map reset state is shown in Figure 39 
and any subsequent modifications require the exchange of control messages between the ISlMaster 
and the host. As the host is expected to control the movement of data in any SoPEC system it is 
anticipated that all changes to the SCB map will be performed in response to a request from the 
host. While the ISlMaster could autonomously reconfigure the SCB map (this is entirely up to the 
software running on the ISlMaster) it should not do so without informing the host in order to avoid 
data being misrouted. 

An example of the above conventions in operation is worked through in section 12.7.2. 

12.7.1 Host PC to iSriVlaster SoPEC communication 

When considering SCB map configurations we always assume that the ISlMaster is a SoPEC device in 
particular the SoPEC connected to the USB bus (and receiving data on USB endpoint 2, 3 or 4), rather than 
an ISI-Bndge chip. ISI-Bridge chips are likely to have something similar to an SCB map and the following 
infomiation should broadly ^ply to an ISl-Bridge but we focus here on an ISlMaster SoPEC for clarity. 
As the ISlMaster SoPEC represents the printer on the USB bus it is required by the USB specification to 
have a dedicated control endpoint, EPO. At boot time the ISlMaster SoPEC will also require a bulk data 
cndpomt to facihtate the transfer of program code from the host PC. The simplest SCB map configuration 
I.e. for a single stand-alone SoPEC, is sufficient for host to ISlMaster SoPEC communication and is showii 
m Figure 38. In this configuration all USB control information exchanged between the host and SoPEC 
r^'^J^^.^ ^^^""^ ''''^^ bidirectional USB endpoint). SoPEC specific control information (printer sta- 
tus, DNC info etc.) is also exchanged over EPO. 

All packets sent to the host from SoPEC over EPO must be written into the EPO FIFO by the CPU All 
packets sent from the host to SoPEC can be placed in DRAM by the DMA Manager (as is usually the 
case) or read directly by the CPU. This asymmetry is because in a multi-SoPEC environment the CPU will 
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need to examine all incoming control messages (i.e. messages that have arrived over DMAChannelO) to 
^ceitein their source and destination (i.e. they could be from an ISISiavc and destined for the host) and so 
the addiuonal overhead in having the CPU move the short control messages to the EPO FIFO is relatively 
smaU. Furtheitnorc we wish to avoid making the SCB more complicated than necessary, particularly when 
there is no sigmficant performance gain to be had as the control traffic will be relatively low bandwidth. 

The above mechanisms are appropriate for the types of communication ouUined in sections 12 411 
through 12.4.1.4 ' * ' 
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Figure 38. Single SoPEC SCB map configuration and dataflow 

12.7^ Broadcast comniunicatlon 

An SCB configuration for broadcast communication is shown in Figunj 39. This particular configuration is 
also the default, post power-on reset, configuration for the ISIMaster SoPEC. USB endpoints EP2 and EP3 
are mapped onto ISISublDO and ISISubldl of ISIIdlS (the broadcast ISIId chamiel). EPO is used for con- 
trol messages as before and EPl is a bulk data endpoint for the ISIMaster SoPEC. Depending on what is 
convemcnt for the boot loader software. EPl may or may not be used during the initial program download, 
but EPl IS highly likely to be used for compressed page or other program downloads later. For this reason 
It IS part of the default configuration. In this setup the USB device configuration will take place as it 
always must, by exchanging messages over the control channel (EPO). 

One possible boot mechanism is where the host PC sends the bootloaderl program code to all SoPECs by 
broadcj^ing t over EP3. Each SoPEC in the system then authenticates and executes the bootloaderl pro- 
gram The ISIMaster SoPEC then polls each ISISlave (over the ISIx.O chamicl). Each ISISlave ascertains 
?H I uf^^ rcl'!"' particular GPIO pins required by the bootloaderl and reporting its piesence and 
staois back to the ISIMaster The ISIMaster then passes this infoimation back to the host over EPO Thus 
both the host and the ISIMaster have knowledge of the number of SoPECs. and their ISIIds. in the system 
The host may then reconfigure the SCB map to better optimise the SCB resources for die particular multi- 
SoPEC system. This could involve simplifying the default configuration to a single SoPEC system (Figure 
38) or remappmg the broadcast channels onto DMAChannels in individual ISISlaves 
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Figure 39. Default SoPEC SCB map configuration and dataflow 

The following steps are required to reconfigure the SCB map from the system depicted in Figure 39 to one 
where EP3 is mapped onto ISIl .0: f s 

1) The host PC sends a control message(s) to the ISIMaster SoPEC requesting that USB EP3 be 
remapped to ISI 1 .0 

2 )The ISIMaster SoPEC sends a control message to the host PC informing it that EP3 has now been 
mapped to ISIl.O (and dierefore the host knows that the previous mapping of IS115.1 is no longer 
available through EP3). * 

3 ) The host may now send control messages directly to ISISlavel without requiring any CPU interven- 
tion on the ISIMaster SoPEC 



12.7.3 Host PC 



ISISIave SoPEC communication 

TTic default post-boot (as opposed to post-reset) SCB map configuration for an ISISIave SoPEC is to have 
all USB endpoints unconnected. The ISI automatically forwards any data addressed to it (including broad- 
cast data) to the DMA with the appropriate ISISubld. If the ISIMaster is configured correctly (eg when 
die ISIMaster is a SoPEC. and that SoPEC's SCB map is configured conectly) then data sent from the host 
destined for an ISISIave will be transmitted on the ISI with the correct address. If the ISISIave has data to 
send to the host it must do so by sending a control message to the ISIMaster identifying the host as the 
mtended recipient. It is then the ISIMaster's responsibility to forward this message to the host. 
With this configuration the host can communicate with the ISISIave via broadcast messages only and this 
IS the mechanism by which the boolloaderl program is downloaded. The ISISIave is unable to communi- 
catc with the host (or the ISIMaster) until the bootUoaderl program has successftilly executed and the 
ISISIave has determined what its ISIId is. After the bootloadcrl program (and possibly other programs) 
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has executed the SCB map of the FSIMaster may be reconfigured to reflect the most appropriate topolojjy 
for the particular multi-SoPEC system it is part of. ^ 

All communication from an ISISlave to host is achieved by sending messages via the ISIMaster The 
ISISIave can never imtiate communication to the host. If an ISISlave wishes to send a message to the host 
It may do one of two things: (a) wait until it is polled by the ISIMaster or (b) indicate in its ISI acknowl- 
edgement packet (sent in response to the reception of an ISI packet specifically addressed to that ISISIave) 
that u has a message to send. When the ISIMaster receives the message from the ISISlave it first examines 
It to determine the intended destination and will then copy it into the EPO HFO for transmission to the 
host. The software running on the ISIMaster is responsible for any arbitraHon between messages from dif- 
ferent sources (including itselO that are all destined for the host. 

The above mechanisms are appropriate for the types of communication outlined in sections 12.4 1 5 and 
12.4.1.6. 

12.7.4 ISIMaster - ISISIave connmunication 

AH ISIMaster - ISISIave communication takes place over the ISI. Immediately after reset this can only be 
by means of broadcast messages. Once the bootloaderl program has successfully executed on all SoPECs 
m a multi-SoPEC system the ISIMaster can communicate with each SoPEC on an individual basis. 
If an ISISIave wishes to send a message to the ISIMaster it may do so in response to a ping packet from the 
ISIMaster. When the ISIMaster receives the message from the ISISIave it must interpret the message to 
determine if the message contains inforaiation required to be sent to the host. In the case of the ISIMaster 
being a SoPEC, software will transfer the appropriate information into the EPO FIFO for transmission to 
the host. 

The above mechanisms are appropriate for the types of communication outlined in sections 12.4.2.3 and 
12.4.2.4. 



12.7.5 ISISIave - ISISIave communication 

ISISlave to ISISIave conmiunication is expected to be limited to two special cases: (a) when the PrintMas- 
ter is not the ISIMaster and (b) when a storage SoPEC is used. When the PrintMaster is not the ISIMaster 
then It will need to send control messages (and receive responses to these messages) to other ISISlaves 
When a storage SoPEC is present it may need to send data to each SoPEC in the system. All ISISIave to 
ISISIave communication will take place in response to ping messages from the ISIMaster. 

12.7.6 SCB Map configuration registers 

The SCB map is configured by mapping a USB endpoint on to a data sink. This is performed on a endpoint 
basis i.e. each endpoint has a configuration register to allow its data sink be selected Mapping an endpoint 
on to a data sink does not initiate any data flow - each endpoint/data sink needs to be enabled by vwiting to 
the ^propnatc configuration registers in the USB controller/ ISI / DMA manager. 

Table 36. SCB Map configuration registers 

















0x100 


USBEPODest 


7 


0x20 


This register determines which of the data sinks the 
data arriving in EPO should be routed to. 


0x104 


USBEPIDest 


7 


0x21 


Data sink for USB EPI 


0x108 


USBEP2Dest 


7 


0x3 E 


Data sink for USB EP2 
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Table 36. SCB Map configuration registers 















0X1 OC 


USBEP3Dest 


7 


0x3F 


Data sink for USB EP3 | 


0x110 


USBEP40est 


7 


0x23 


Data sink for USB EP4 



The same encoding is used for each of the USBEPnDest configuration registers and is described in 
Table 37. The ISIId register (see Table 30) allows the SCB map to identify data that should be routed to the 
DMA Manager as well as. or instead of. to the ISI. The SCB map therefore does not need special fields to 
Identify the DMAChannels on the ISIMaster SoPEC as this is taken care of by the SCB hardware. Thus the 
USBEPODest and USBEPIDest registers should be programmed with 0x20 and 0x21 (for ISIO.O and 
ISIO.l) respectively to ensure data arriving on these end^ints is moved directly to DRAM. 

Table 37. USBEPnOest register 





mm 


mm 




uesiisisuDia 


0 


Indicates which DMAChannel of the target SoPEC the endpoint Is 
mapped onto: 
0:=DA4AChannero 
1 s DMAChannell 


DestlSlld 


4:1 


Denotes the ISIId of the target SoPEC as per Table 35 


ChannelEn 


S 


Enable bit for the DMAChannel: 

0 = Channel disabled 

1 s Channel enabled 


SequenoeBit 


6 


Sequence bit for packets going from USBEPn to OestiSIId.Destl- 
SISubld. Every CPU write to this register initialises the value of the 
sequence bit and this is subsequently updated by the ISI after 
every successful long packet transmission. 



A SoPEC ISIMaster should map as many USB endpoints. under the control of the host, as are required for 
the^ulti-SoPEC system it is part of. As already mentioned this mapping may be dynamicaUy reconfig- 



1 2.7.7 SCB transm it buffer arbitration 



When the SCB transmit buffer has been emptied the SCB control logic will immediately seek to refill it. 
As there may be data waiting in a USB endpoint FIFOs and in the CPUISI transmit buffer it may be neces- 
s^ to arbitrate between these data sources. This arbitration is controlled by the SCBTxBuffArb register 
which contains a high priority bit for both the CPU and the USB. If only one of these bits is set then the 
corresponding source always has priority. Note that if the CPU is given absolute priority over the USB the 
software filhng the CPUISI transmit buffer needs to ensure that sufficient USB traffic is allowed through 
If both bits of the SCBTxBuffArb have the same value then arbitration will take place on a round robin 
basis. 

As the speed at which the SCB transmit buffer can be emptied is at least 5 times greater than it can be filled 
by USB traffic the double buffers used for each USB endpoint will not overflow using the above scheme in 
normal operatjon. There are a number of scenarios which could lead to the USB endpoints being tempo- 
rarily blocked such as the CPU having priority, retransmissions on the ISI bus. channels being enabled (cf 
the ChannelEn bit of the USBEPnDest register) with data akeady in their associated endpoint RFOs or 
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J3 



short packets being sent on the USB. Care should be taken to ensure that the USB bandwidth is efficiently 
utilised at all times. 



12.7.8 SCB Control Block 

The SCB control block is responsible for coordinating access to and between the various sub-blocks in the 
SCB, This includes translating between the CPU subsystem bus and the USB native bus protocol moving 
data from the USB endpoint FIFOs into the SCB transmit buffer, moving data from the CPUISl'transmit 
buffer mto the SCB transmit buffer and arbitrating between the CPU and itself for access to the SCB sub- 
blocks. 



Table 38. SCB control block configuration registers 




0x124 



0x128 



SCBTxBuffArb 



SCBDebugSel 



10 



QxO 



0x000 



This register is used to gate the propagation of the 
USB and ISI reset signals to the CPR ttode Active 
high. 

WakeUpEnabfe(0}: usb_cpr_reset_n control 
WakeUpEnablellj: «sLc5Pc/»seLn control 



Determines which source has priority when conten- 
tion arises in filling the SCBTxBuffer. When a bit is 
set priority is given to the relevant source. 
SCBTxBuffArbfO): CPU priority 
SCBTxBaffArt>[1]; USB priority 



Contains address of the register selected for debug 
observation as it %vould appear on cpu_adr(1l;2] 
The contents of the selected register are output in 
the scb^cpu_</ata bus while cpu^scb_se!is low and 
scb_cpu^debug_va!fd\9 asserted to indicate the 
debug data Is valid. 

It Is expected that a numt>er of pseudo-registers will 
be made available for debug observation and these 
win be outlined with the Implementation details. 



12.8 DMA Manager 



Tlie DMA manager manages the flow of data between the SCB and the embedded DRAM. Whilst the 
CPU could be used for the movement of data in a USBl.l enabled SoPEC a DMA manager is a more effi- 
cient solution as it will handle data in a more predictable fashion with less latency and requiring less buff- 
ering. Furthermore a DMA manager is reqmred to support the ISI transfer speed and to ensure that the 
SoPEC could be used with a high speed ISI-Bridge chip in the future. 

The DMA manager uses two independent channels, one for each ISISubld. to control the movement of 
data Both DMAChannels only support write operation and can transfer data from any USB endpoint and 
from the ISI receive buffer. Data is moved at the soonest opportunity to do so and is always moved in 256- 
bit shces as required by the DIU. When it is not possible to use a 256.bit slice of data (e.g. at the end of a 
packet or for a short packet) the DMA manager will still use 256-bit access to the DIU. This means that for 
a DIU vmte (data incoming to the SoPEC) the DMA manager will pad the valid data with zeroes until a 
256-bit slice has been filled. 

The DMA manager handles all issues relating to byte/word/longword address alignment, data endianness 
and transaction scheduling. It arbitrates between data arriving from.thc ISI and data arriving from a USB 
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cndpoint on a round robin basis. The greater guaranteed bandwidth available to the DMA manager (50 
Mbit/s at the time of writing but this may need to be increased especially if a 4-wire ISI bus is used. See 
section 20.6 for more details) ensures that the DMA manager is non-blocking. 

While the DMA manager performs the work of moving data the CPU controls the destination and relative 
tmiing of dataflows to and from the DRAM. The management of the DRAM data buffers requires the CPU 
to have accurate and timely visibility of both the DMA and PEP memory usage. In other words when the 
PEP has completed processing of a page band the CPU needs to be aware of die fact that an area of mem- 
ory has been freed up to receive incoming data. The management of these buffers may also be performed 
by the host. 

1Z8.1 Circular buffer operation 

The DMA manager supports the use of circular buffers for both DMAChannels. Each circular buffer is 
controlled by 5 registers: DMAnBottomAdn DMAnTopAdn DMAnMaxAdr, DMAnCurrWPtr and DMAnln- 
tAdr. The operation of the circular buffers is shown in Figure 40 below. 




4— DMAnTopAdr 
4— D^4AnlntAdr 



4— DMAnCurrWPtr 



DMAnMaxAdr 



4^ DMAnBottomAdr 



(a) 

Key: 

Free buffer space 



Filled buffer space (unprocessed data) 



DMAnTopAdr 



mmmm 




DMAnMaxAdr 
4— OMAnlntAdr 



4— DMAnCurrWPtr 



4— DMAnBottomAdr 



(b) 



I^C^ Buffer space filfed since last write to the DMAnlntAdr/DMAnMaxAdr registers 

Figure 40. Circular huffier operation 

Here we see two snapshots of the stanis of a circular buffer with (b) occurring sometime after (a) and some 
CPU wntes occunring in between (a) and (b). These CPU writes are most likely to be as a result of a fin- 
ished band mtemapt (which frees up buffer space) but could also have occurred in a DMA intenx^t service 
routine resulting from DMAnlnUdr being hit. The DMA manager will continue filling the fi^ee buffer 
space depicted in (a), advancing the DfAAnCurrWPtr after each write to the DIU. Note that the DMACur- 
rWPtr register always points to the next address the DMA manager will write to. When the DMA manager 
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reaches the address in DMAnlntAdr (i.e. DMACurrWPtr = DMAnlntAdr) it will generate an interrupt if the 
DMAnlntAdrMask bit in the DMAMask register is set. The purpose of the DMAnlntAdr register is to alert 
the CPU that data (such as a control message or a page or band header) has arrived that it needs to process. 
The interrupt routine servicing the DMA interrupt will change the DlvUnlnUdr value to the next location 
that data of interest to the CPU will have arrived by. 

In the scenario shown in Figure 40 the CPU has determined (most likely as a result of a finished band 
intcmipt) that the filled buffer space in (a) has been freed up and is therefore available to receive more 
data. The CPU therefore moves the DMAnMaxAdr to the end of the section that has been freed up and 
moves the DMAnlntAdr address to an appropriate offset from the DMAnMaxAdr address. The DMA man- 
ager continues to fill the free buffer space and when it reaches the address in DMAnTopAdr it wr^s around 
to the address in DMAnBottomAdr and continues from there. DMA transfers will continue indefinitely in 
this fashion until the DMA manager reaches the address in the DMAnMaxAdr register. 

The circular buffer is initialised by writing the top and bottom addresses to the DMAnTopAdr and DMAn- 
BottomAdr registers, writing the start address (which does not have to be the same as the DMAnBottomAdr 
even though it usually will be) to the DMAnCurrWPtr register and appropriate addresses to the DMAnln- 
tAdr and DMAnMaxAdr registers. The DMA operation will not commence imtil a 1 has been written to the 
relevant bit of the DMAChanEn register. 

While it is possible to modi^r the DMAnTopAdr and DMAnBottomAdr registers after the DMA has started 
it should be done with caution. The DMAnCurrWPtr register should not be written to while the 
DMAChannel is in operation. DMA operation may be stalled at any time by clearing the appropriate bit of 
the DMAChanEn register or by disabling an SCB mapping or ISI receive operation. 

12.8.2 DMA manager DRAM bandwidth requirements 

The DIU must guarantee the SCB enough bandwidth to ensure that neither a USB endpoint FIFO nor the 
ISI receive buffer can overrun. For example, to facilitate bursty 32 Mbit/s transfers a SoPEC with a 64- 
b>^e ISI receive buffer would need to be able to transfer 256 bits every 1280 cycles (@160 MHz). This is 
in addition to the USB transactions targeted at the ISIMaster SoPEC which may be in the region of 8-9 
Mbit/s. While USB has a backpressure mechanism SoPEC should strive to obtain optimum USB band* 
width utilization and so USB backpressuring should only be used as a last resort. The DIU currently guar- 
antees 50 Mbit/s to the SCB and more bandwidth will be available when other DIU requestors do not take 
their slots. This is sufficient for the SCB*s requirements. 

1 2.8.3 DMA manager configuration registers 

Al\ of the circular buffer registers are 256-bit word aligned as required by the DIU. The DMAnBottomAdr 
and DMAnTopAdr registers are inclusive i.e. the addresses contained in those registers form part of the cir- 
cular buffer.The DMAnCurrWPtr always points to the* next location the DMA manager will write to so 
mtemipts are generated whenever the DMA manager reaches the address in either the DMAnlntAdr or 
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Dh4AnMaxAdr registers rather than when it actually writes to these locations. It therefore cannot write to 
the location in the DMAnMaxAdr register. 



Table 39. DMA Manager Configuration Registers 




0x200 



OMAOBottomAdr 



17 



0x0.0000 



The 256H)it aligned DRAM address of the 
bottom of the circular buffer serviced by 
OMAChannelO 



0x204 



DMAOTopAdr 



17 



0x0.0000 



The 256-bit aligned DRAM address of the 
top of the circular buffer serviced by 
DMAChanneK) 



0x208 



DMAOCurrWPtr 



17 



0x0.0000 



The 256-t}it aligned DRAM address of the 
next location DMAChannelO will write to. This 
register is set by the CPU at the start of a 
DMA operation and dynamicaify updated by 
the DMA manager during the operation. 



0x20C 



DMAOfntAdr 



17 



0x0.0000 



The 2564)H aligned DRAM address of the 
location that will trigger an Interrupt when 
reached by DMAChannelO buffer. 



0x210 



DMAOMaxAdr 



17 



0x0.0000 



The 256-bit aligned DRAM address of the 
last free location in the DMAChannelO circu- 
lar buffer. The OMAChannelO transfers %vill 
stop when It reaches this address. 



0x214 



DMAOSeqBtt 



0x0 



Sequence bit for DMAChannelO. This bit may 
be initialised by the CPU but is updated tiy 
the ISI each time an error-free long packet Is 
receh/ed. 



0x2ia 



DMAIBottomAdr 



17 



0x0.0000 



The 256-bIt afigned DRAM address of the 
twttom of the circular buffer serviced by 
DMAChannell 



0x21 C 



DMAITopAdr 



17 



0x0.0000 



The 256-blt aligned DRAM address of the 
top of the drcular buffer serviced by 
DMAChannell 



0x220 



OMAICurrWPtr 



17 



0x0.0000 



The 256-bit aOgned DRAM address of the 
next location DMAChannell will write to. This 
register is set k>y the CPU at the start of a 
DMA operation and dynamically updated by 
the DMA manager during the operation. 



0x224 



DMAIIntAdr 



17 



0x0.0000 



The 256-blt aligned DRAM address of the 
location that wiD trigger an Interrupt when 
reached t>y DMAChannell butter. ' 



0x228 



DMAIMaxAdr 



17 



0x0.0000 



The 256-bit aligned DRAM address of the 
last free location in the DMAChannell circu- 
lar buffer. The DMAChannell transfers win 
stop when it reaches this address. 



0X22C 



DMAlSeqBit 



0x0 



Sequence bit for DMAChannell . This bit may 
be initialised by the CPU but is updated by 
the iSI each time an error-free long packet is 
received. 



0x230 



DMAChanEn 



0x0 



Enable DMA operation on a per channel 
basis. Active high. 

DMAChanEn[0]: Enable DMAChannelO 

DMAChanEn(l): Enable DMAChannell 
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Table 39. DMA Manager Configuration Registers 











0x234 


DMAStatus 


4 


0x0 


DMA status register. See section 12.8^.1. 
This register is ReadOfily, 


0X238 


DMAMask 


4 


0x0 


DMA mask register. See section 12.8.3.2 



f 2.8.3. f DMAStatus register 

The contents of the DMAStatus register are read-only to the CPU. The status bits are not sticky bits i.e. 
they reflect the 'live* status of the channel. Status bits may only be cleared by writing to the relevant 
DMAnlruAdroT DMAnMaxAdrr^^sxcT, 



Table 40. DMA Status Register 









DMAChannelOlntAdrHit 


0 


OMAChannero has reached the acidress contained in the 
DMAOtntAdr register 


OMAChannelOMaxAdrHit 


1 


OMAChannelO has reached the address contained in the 
DMAOMaxAcfr register 


OMAChanneil IntAdrHit 


2 


DMAChannell has reached the address contained in the 
DMAIlntMr register 


DMAChanneil MaxAdrHft 


3 


DMAChannell has reachedlhe address contained in the 
OM4 TMaxAdr register 



iZ8.3.2 DMAMask register 

All bits of the DMAMask are both readable and writable by the CPU. The DMA manager cannot alter the 
value of this register.AU interrupts are edge sensitive i.e the DMA manager will generate a dmajcu^irq 
pulse each time a status bit goes high and the corresponding mask bit is enabled. " 



Table 41. DMA Manager Mask Register 





mm 




OMAChannelOfntAdrHitMasIc 


0 


1 - Generate an interrupt when the DMAChannelOintAdrHit status 
bit goes high 

0 s Do not generate an interrupt when the DIS^hannetOintAdrHit 
status bit goes high 


DMAChannelOMaxAdrHitMask 


1 


1 Generate an interrupt when the DMAChannetOMaxAdrHit status 
bit goes high 

0 8 Do not generate an interrupt when the DMAChannetOMaxAdrHit 
status bit goes high 


DMAChannell IntAditHHI^/lasIc 


2 


As per DMAChannelOlntAdrHitMask 


Dl^hannedMaxAdrHitMask 


3 


As per DMAChannelOMaxAdrt^itMasl( 



12.9 SCB Implementation 



This section is still a work in progress - the information here should be ignored as it refers to an earlier ver- 
sion of the SCB 
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U8b»_t)^en 
^ usb_Dedp 
^ usft_tx~dm 

ush n mv 



usb_nc_< 



US&_fX. 



^ ust_l5u_irq 



us ^cpflfeset_ n 



is>-gp}o^dout^ 



7^ 



l8i_Brfo_din 



^ <Sj_|icu_trq 
t ^cpr.reset_n 



DMA 
Manager 



dma_cpu_data 



scb_diu_wreq 





diu_scb_vwack 




— ► 


scbjdiu_%vval{d 




scb_diu_rreq 




■ — 9 


4 


diu.scb.rack 




— ft> 


4 


<fiu_scb_rvalid 






scb_diu wadr « 




scb_diu_radr 








scb.diu.data 




-> 




diu.data 


1 


-> 



dfna_cpu_cnti1 



dma_scbs data 



6cbs_dma_data 



dma_8Cbs_cntft 



7^ 



USB 



usb_sci>s_data 



usb^8cbs_cntfl 



ISI 



fei_scbs_data 



CPU 

Subsystem 
Interface 



U 



ORAM 



cpu_scfa_^el 





CPU rwn • 




epiOc — ' 7 


^ sco_cpu_,idy 


scD^cpu^oerr i 




cpu_adf , 


►1 


cpu_dataout 



CPU 
Block 



SCB 
Switch 



scbsjsi.data 



isl_scbs_cntrt 
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Characteristics of the data channels: 

USB: Packets should be moved sequentially out of the endpoint FIFOs. The USB is the slowest compo- 
nent in the SCB but its bandwidth is most precious. However both the DMA and ISI can transfer data (50 
and 40 Mbps respectively) much faster dian the USB can receive data (1 2 Mbps peak rate) so no flow con- 
trol problems will occur due to a speed mismatch. If one of the DMA or ISI data sinks becomes blocked or 
mactive then the USB controller will assert backpressure (by NAKing packets) when the double buffer for 
the associated endpoint is filled. Other endpoints will remain active in this scenario and the DMA and ISI 
will still be able to transfer data at their peak rates. The worst case scenario is when all endpoints have 
their double buffers filled (because all the data sinks had been blocked/disabled) and then all data sinks 
become available again. In this case die backlog will be fully cleared in 3 USB 64-byte packet times. 
ISI: The ISI can support simultaneous reception and transmission of packets. ISI packets should be trans- 
ferred sequentially in either direction. The ISI is expected to handle the packet header and trailer, if any is 
used for error detection, in both directions i.e. only raw payload data is routed through the SCB map. 
DMA: The DMA channels are unidirectional but their direction, namely whether they are transferring 
data to or firom DRAM, is programmable. Each DMA transaction to DRAM will be 256 bits wide but all 
256 bits are not always valid. When a transfer of less than 256 bits is required the DMA manager pads the 
remaining bits in the 256-bit word with zeroes, in the case of a write to DRAM, or discards the unnecces- 
saiy bits in the case of a DRAM read. Can we get by with single (256 bits each way or maybe even 256 
bits in all ?) buffering for the DRAM manager ? 
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dma_scbs_(lata 



scbsjdma^data 



dma_scbs.cntr1 



usb_8cbs_data 



usb_scbs_cntri 



isi_scbs_data 



^ 8cb8jsi_data 



DMA 

i/f 



USB 
i/f 



ISI 
i/f 



dnia_dout_rdy_ldl1 :0] 
dma_dout ^ 



dnna_dout valid 



dma_din,rdy 



dma_dm^id[1:0] 



dma_din 



dfna_dtn,valid 



usb.ep_fdy(2:0] 
usb_rx_data 



usb_data_valid 



lsLdata_fdy_ld(5:0] 







isi_rx_data 






lsi_fxjdata_valid 






isLtx_rdy 


— ^ 




lsLtedata_W[4:01 


— 1 




teJ.bedata ^ 






Isi.tx_data.valk] 





CPU 
Subsystem 
Interface 



Switch 
Logic 



Figure 41. SOB iSwitch block diagram 



SCB Switch pseudocode: 

const no_data_sinks = 12 

for i = I to no_data_sinks 
if (i <= 2) then 

sink^data is dina_din 
sinK_rdy is dma_din_rdy 
sink.data„valid is dma^din^valid 
sink^id is dina_din_id 
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else 

sink_data is isi_tx_data 
sink_rdy is isi_tx_rdy 
sink_daca_valid is iBi_tx«daca_valid 
sink^id is i8i_t:x_data_id 

if (data_src_reg(i) l= 0) then // Each data sink has an associated data source 

// register. A non-zero value means the sink is enabled 
if ( (data_src_regtil & OxFO) 0x10) then // A USB endpoint is the data source 
if ((usb_ep__rdyt4] == 1) AND ( usb_ep_rdy ( 3 : 0) data_src_reg( i] (3 : 0] >) then 

// there is data waiting in the EP FIFO 
while ( (usb_data_valid «== 1) AND (sink^rdy == 1) AND clocktick) 
sink_data = usb_rXwdata 
aink_data_valid = I 

if <t <= 2) then // The sink is a DMAChannel 
sink_id[l) = 1 
8ink.id(0] « i -1 
else // The sink is an ISI channel 
sink^idlS] = 1 
&ink.id[4:0] = i -1 
else // There is no data ready to go 
sink^data^valid = 0 

elsif (data^src.reg & OxpO) ssa 0x20) then // The ISI is the data source 

if <lsl_data.rdy_idl3:0] == data_src_regIiH3 :0) ) then // there is data waiting 

// in the ISI receive FIFO for this ISISubid 
while ((isi_rx._data_valxd == 1) AND (sinK.rdy e= 1) AND clocktick) 
sink.data = isi_rx;_data 
8ink_data_valid s i 

if (i <» 2) then // The sink is a DMAChannel 
8ink_id[ll « 1 
sink^id{0) « i -1 
else // The sink is an ISI channel 
sink_id(51 = 1 
sink_idt4:0) = i -3 
else // There is no data ready to go 
sink^data^valid = 0 

elsif <data_src«reg & OxFO) == 0x30) then // The I»1A is the data source 

if <dina_dout_rdy^id(0) « data.src.regCi] (0} ) then // there is data waiting 

// in the relevant DMA buffer for this sink 
while ( (dina_dout_valid «= 1) AND (sink-rdy oo I) AND clocktick) 
sink_data = dma^dout 
sink_data_valid = 1 

if (i <= 2) then. // The sink is a DMA channel 
sink_idll) «= 1 
sin)^id(O) = i -1 
else // The sink is an ISI channel 
sink_id[5J « 1 
sink_id(4:0] ^ i -3 
else // There is no data ready to go 
sink_data.valid = 0 

The above pseudocode has a few shortcomings, particularly if all our data buses arc not the same size, but 
it shows the basic functionality the switch is supposed to offer. The main loop of the pseudocode (for i «= 1 
to no_data_sinks) dictates what happens within one timesloL The timeslots take as long as required to 
complete and loop around endlessly. The msb of the usb^ep_rdy[4:0], isi_data_rdyjid[5:0] and 
dma_dout_rdyjd[l:0] signals is used to indicate that data is available in the relevant block. 



Doc: SoPEC_hardware_desjgn 
Version: 2.3 



S3 Proprietary Document 



Nov 2002 
Page 137 




SoPEC : Hardware Design 



13 General Purpose lO (GPIO) 

13.1 OVEI^EW 

The General Puipose lO block (GPIO) is responsible for control and interfacing of GPIO pins to the rest of 
the SoPEC system. It provides easily programmable control logic to simplify control of GPIO fimctions. 
In all there are 14 GPIO pins of which certain pins have special functions, their functions are detailed as: 

• 4 Motor control lOs internally pulled down 

• 4 General purpose high drive pulsed lOs cq>able of driving LEDs. 

• 4 Open drain lOs used for LSS interfaces 

« 2 Normal drive lOs used for the ISI interface in Multi>SoPEC mode 

Each of the pins can be configured in either input or output mode, each pin is independently controlled. A 
programmable de-glitching circuit exists for all input pins. Each ii^ut is a schmidt trigger to increase noise 
immunity should the input be used without the de-glitch circuit. The mapping of the above functions and 
their alternate use in a slave SoPEC to GPIO pins is shown in Table 42 below. 



Table 42. GPIO pin functlonarity 







gpio(3:0] 


Motor control ptns / general purpose lO 


flpio[7:4) 


LED driver pins / general purpose ro 


gp»o[11:81 


LSS Interface pins / general purpose (O 


gpfd[13:12} 


ISI Intertace ptns / general purpose lO 



1 3.2 Motor control 

The motor control pins can be directly controlled by the CPU or the motor control logic can be used to 
generate the phase pulses for the stepper motors. The controller consists of two centra) counters from 
which the control pins are derived. The central counters have several registers (sec Table 44) used to con- 
figure the cycle period, the phase, the duty cycle, and coumter granularity. 

There are two motor mastCT counters (0 and 1) with identical features. The period of the master counters 
are defined by the AfotorMasterdkPeriocifL OJ and MotorhfasterClkSrc registers i.c, both master counters 
are derived firom the same MotorMasterClkSrc, The MotorMasterClkSrc defines the timing pulses used by 
the master counters to determine the timing period. The MotorMasterClkSrc can select clock sources of 
lrxs,100|AsJOms and pc/A: timing pulses. 

The MotorMasterClkPenod[l:0] registers are set to the number of timing pulses required before the tim- 
ing period re-starts. Each master counter is set to the relevant MotorMasterClkPeriod value and counts 
down a imit each time a timing pulse is received. 

The master counters reset to MotorMasterClkPeriod value and count down. Once the value hits zero a new 
value is reloaded from the MotorMasterClkPeriod f J :0J registers. This ensures that no master clock glitch 
is generated when changing the clock period. 

Each of the lO pins for the motor controller are derived firom the master counters. Each pin has indepen- 
dent configuration registers. The MotorMasterClkSelect[3:0] registers define which of the two master 
counters to use as the source for each motor control pin. The master counter value is compared with the 
configured MotorCtrlHigh and MotorCtrlLow registers. If the count is equal to MotorCtrlHigh value the 
motor control is set to 1, if the count is equal to MotorCtrlLow value the motor control pin is set to 0. 

This allows the phase and duty cycle of the motor control pins to be varied at pdk granularity. 
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The motor control generators can be paused at the end of a clock period by setting the MotorMasterCiock- 
Enable register to zero. This allows the CPU to re-configure the motor controller without causing a glitch 
on the output pins. 



13.3 LED CONTROL 

LED lifetime and brightness can be improved and power consumption reduced by driving the LEDs with a 
pulsed rather than a DC signal. The source clock for each of the LED pins is a 7.8kH2 (128^s period) 
clock generated from the l^s clock pulse from die Timers block. The LEDDutySelect registers are used to 
create a signal with the desired waveform. Unpulsed operation of the LED pins can be achieved by using 
CPU lO direct control. By default the LED pms are controUed by the LED control logic. 



Master Clock 
LEOOutyrSeled sO 
LEDDutySelect =1 
LEDtDutySelect =2 
LEDDutySelect ^ 
LEDDutySelect s4 
LEDDutySelect =5 
LEDDutySelect b6 
LEDDutySelect s7 



Figure 42. Duty Cycle Select 



13.4 LSS INTERFACE VIA GPIO 

In some SoPEC system configurations one or more of the LSS interfaces may not be used. Unused LSS 
mterface pins can be reused as general lO pins by configuring the CpuIOCtrl register. When a bit in the 
CpulOCtrl is set the corresponding pin is controUed by the CPU registers, otherwise the pin is controlled 
by the LSS block. By default the LSS controls die GPIO pins 11 to 8. 

1 3.5 ISI INTERFACE VIA GPIO 

In Multi-SoPEC mode the SCB block (in particular the ISI sub-block) requires direct access to and from 
the gpio[12] and gpio[13J pins. Control of the ISI interface pins is determined by the CpuIOCtrl register. 
When a bit in the CpuIOCtrl is set the corresponding pin is controlled by the CPU registers, otherwise the 
pm is controlled by the ISI block directly. By default the pins are directly controlled by the ISI block. 
In single SoPEC systems the pins can be re-used by the GPIO. 

13.6 CPU GPIO CONTROL 

The CPU can assume direct control of any (or all) of the lO pins individually. On a per pin basis the CPU 
can turn on d^ect access to the pin by setting the CpuIOCtrl register. Once set the lO pin assumes die 
direction specified by the CpuIODirection register. When in output mode the value in register CpuIOOut 
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will be directly reflected to the output driver. When in input mode the status of the input pin can be read in 
cither the direct version or a de-glitched form, by reading CpuIOIn and CpuIOInDegHtch i^ectively. 
When writing to the CpuIOOut register the top bits of the register (bits 29 to 1 6) are used to filter access to 
the lower bits (13 to 0). 

13.7 Programmable de-glitching logic 

Each 10 pin can be fUtered through a de-glitching logic circuit. The circuit can be configured to sample the 
ID pin for a prcdetennined time before concluding that a pin is in a particular state. The exact sampling 
length is configurable, but each GPIO pin must use one of two possible configured values (selected by 
DeGlitchSelect), The sampling length is the same for both high and low states. The DeGlitchCount is pro- 
grammed to the number of system time units that a state must be valid for before the state is passed on. 
The time units arc selected by DeGlitchakSel and can be one of Ijjis.lOOjisJOms and pcik pulses. 

For example if DeGlitchCount is set to 10 and DeGlitchClkSel set to 3, then an input pin (one ofgpiofIS 
to OJ) must consistently retain its value for 10 system clock cycles (pclk) before the input state will be 
propagated from CpuIOIn to CpuIOInDegHtch, 

13.8 Interrupt generation 

Any of the GPIO pins can generate an interrupt from the raw or deglitchcd version of the input pin. There 
are 14 possible interrupt sources from the GPIO to the intemipt controller, one interrupt per input pin. The 
InterruptSrcSelect register determines whether the raw input or the deglitchcd version is used as the inter- 
rupt soiirce. 

The interrupt type, masking and priority can be programmed in the interrupt controller. 

1 3.9 Frequency analyser 

The frequency analyser measures the duration between successive positive edges on an input pin and 
reports the last period measured (FreqAnaLastPeriod) and a running average period (FreqAnciAveragey 

The running average is updated each time a new positive edge is detected and is calculated by 
FreqAnaAverage = ( FreqAnaAverage / 8 ) * 7 + FreqAnaLastPeriod I 8. 

The analyser can be used with any input pin (or its deglitched fonn), but only one pin at a time can be 
selected. The pin is selected by the FreqAnaPinSeiect and its deglitched foim can be selected by 
FyeqAnaPinFormSelect. 
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13.10 Implementation 

1 3.1 0. 1 Definitions of I/O 



Table 43. VO definition 











aocks and Resets 


pdk 


1 


In 


System Clock 


prst_n 


1 


In 


System reset* synchronous active k>w 


tin\j)ulse[2:0] 


3 


In 


Timers trfock generated timing pulses. 

0 - 1 ^ pulse 

1 * too |is pulse 

2 - 10 ms pulse 


CPU Interface 


cpu_addf[7:2] 


6 


In 


CPU address bus. Onty 6 bits are required to decode the 
address space for thrs block 


cpu_dataoutt31 .-0] 


32 


In 


Shared write data bus from the CPU 


fiptojcpu_data[d1 :0] 


32 


Out 


Read data bus to the CPU 


cpu_rwn 


1 


In 


Common read/hot-write signal from the CPU 


cpu_gpio_8el 


1 


In 


Block select from the CPU. When cpu _gpio_seli^ high both 
cpu_addranii cpu_dataout are valid 


gpio.cpu^rdy 


1 


Out 


Ready signal to the CPU. When gpk3_cpu_tdy Is Ngh it Indi- 
cates the last cyde of the access. For a write cyde this means 
qpi/_c/alsaouf has been registered by the GPIO block and for a 
read cyde this means the data on gpfo^cpt4_(/ata is valkt 


OPio_cpu_berr 


1 


Out 


Bus error signal to the CPU indicating an invalid access. 


fipk>_cpu_debug_valid 


1 


Out 


Debug Data valid on gpio^cpu_<lata bus. Active high 


cpuuaGode{1:0] 


2 


In 


CPU Access Code signals. These decode as foOows: 

00 - User program access 

01 - User data access 

10 - Supervisor program access 

1 1 - Supervisor data access 


10 Pins 


8pio.o(13:0] 


14 


Out 


General purpose lO output to <0 driver 


gploJIISK)] 


14 


In 


GenemI purpose lO input from lO receiver 


9Pio_e{13:0) 


14 


Out 


General purpose lO output control. Active high driving 


GPIOtoLSS 


lss^io_do[1 K)] 


2 


In 


LSS bus data output 
Bit 0 - LSS bus 0 
Bit 1 • LSS bus 1 


gpio_tss_di{1:0) 


2 


Out 


LSS bus data Input 
Bit 0 - LSS bus 0 
Bit 1 - L^S bus 1 


•ssjplo_eJ1:0J 


2 


In 


LSS bus data output enable, active high 
BitO*LSS busO 
Bit 1 • LSS bus 1 


lss_gpio_clk(1:0) 


2 


In 


L^S bus dock output 
BitO-LSSbusO 
Btti *LSS busi 


GPio to isr 
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Tabfe 43. VO definition 













Qplo_isi_dinI1:0] 


2 


Out 


Input data from 10 receivers to ISI. 




lsLgpio_dout[1.-0] 


2 


In 


Data output from ISI to 10 drivers 


isi_^pio_e(1:0J 


2 


In 


GPJO ISI pins output enable (active high) from ISI Interfaice 


Interrupts 


0Pio_icuJrq[13:0] 




Out 


GPIO pin interrupts 




Debug. 


debug_data_out(l 6:3) 


14 


In 


Output debug data to be muxed on to the GPIO pins 


delHio_cntri[16:3J 


14 


In 


Control signal for each GPIO tiound debug data line indicating 
whether or not the debug data should be selected by the pin 
mux 



13^.10^ Configuration registers 

The configuration registers in the GPIO are programmed via the CPU interface. Refer to section 1 1.4.3 on 
page 70 for a description of the protocol and timing diagrams for reading and writing registers in the 
GPIO. Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register 
reads and writes, the lower 2 bits of the CPU address bus are not required to decode the address space for 
the GPIO. When reading a register that is less than 32 bits wide zeros should be renimed on the upper 
unused bit(s) of gpio^cu^data. Table 44 lists the configuration registers in the GPIO block 



Table 44. GPIO Register Definition 





if 






CPU lO Contfol 


0x00 


CpulOCtri 


14 


0x0000 


Indicates whether each ID pin is directly control- 
led by the CPU or not 

0 ' Default Control 

1 - CPU Control 


0x04 


CpuiOUserModeMasIc 


14 


0x0000 


User Mode Access Mask to CPU GPIO control 
re^ster. When 1 user access Is enaK)led. One 
bit per opio pin. Enables access to CpulODirdc- 
tk>n, CpuiOOut, CpuiOln and CpulOlnOegfitch 
in user nrx>de if CpulOCtri allows CPU access. 


0x08 


CpulOSuperModeMask 


14 


OxSFFF 


Supervisor Mode Access Mask to CPU GPIO 
control reg'rster. When 1 supervisor access Is 
enatjled. One bit per opio pin. Enables access to 
CpuIOOimction, CpuiOOut, CputOin and Cput- 
OlnDegiitch in supervisor mode if CpulOCtrt 
allows CPU access. 


OxOC 


CpulODirectron 


14 


0x0000 


Indkiates the directton of each lO j^. when con- 
trolled by the CPU 

0 - indicates Input Mode 

1 • Indicates Output Mode 
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Table 44. GPIO Register Definition 









0x10 


CpulOCXit 


30 


0x0000 
.0000 


Value used to drive output pin in CPU direct 
mode. 

bitsi 3:0 • Value to drive on output GPIO pins 
Wts 15:14 - Reserved. (Read as zero always) 
bits 29:1 6 - Write enable mask for bitsi 3:0, 0 
enables write, 1 masks the write. (Read as zero 
always) 


0x14 


CpulOln 


14 


Exter- 
nal pin 
value 


Value received on each input pin regardless of 
mode. Read Only register. 


0x18 


CpulOlnDegtitch 


14 


0x0000 


Deglitched version of CpulOin register. Note 
that after reset this register will reflect the exter- 
nal pin values 256 pclk cycles after they have 
stabilized. Read Only register. 


Degtitcli contr 


3, 


0x20-024 


DeQlitohCount[1:0] 


2x6 


OxFF 


De-glitch circuit sample count in DeGiitchakSfv 
selected units for pins gplo[13:0] 


0X28-2C 


OeGmchCIkSrcfl.-OJ 


2x2 


0x3 


Specifies the unit use of the GPIO deglitch cir- 
cuits: 

0 - 1 ;xs pulse 

1 - 1 00 fis pulse 

2- 10 ms pulse 

3- pc/Ac 


0x30 


OeGlitchSelect 


14 


0x000 


Specifies which deglitch count {DeQUtchCount^ 
and unit select {DeGUtchakSid^ should be used 
to deglitch each GPIO pin 

0 - Specifies DeG/itchCounl[0] and DeGOtchak- 
SrcfO] 

1 - Speafies DeQfitchCounl[1] and DeGHtchCUc- 
Sfc[1] 


Motor Control 




0x34 


MotorCtrlUserModeEnatrfe 


1 


0x0 


User Mode Access enat>le to Motor control con- 
figuration registers. When 1 user access Is ena- 
bled. 

Enat>les user access to MotorMastefClkPerfod, 
MotofMasterClkSrc, MototOutySeled, Motor- 
PhaseSefect, MotottAastotCtockBnatte and 
MotorMasterC/kSelect registers 


0x38to0x3C 


MotofMasterClkPeriod|1 :0j 


2x16 


0x0000 


Specifies the motor controller master dock peri- 
ods in MoforA<aste/C//fS/ic selected units 


0x40 


MotorMasterClkSrc 


2 


0x0 


Specifies the unit use by the motor controller 
master ck>ck generator: 

0 - 1 fis pulse 

1 * 100 |is pulse 

2 - 10 ms pulse 

3 - pctk 


0x44 to 0x50 


MotorCtrJHtgh[3:0] 


4x16 


0x0000 


Specifies the tow to high transition point in the 
clock period for each motor control pin. 


0x54 to 0x60 


MotOfCtrlLow[3:0] 


4x16 


OxFFFF 


Specifies the high to low transition point in the 
clock period tor each motor control pin. 
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Table 44. GPIO Register Definition 











0x64 to 0x70 


MotorMasterClkSelect(3:0] 


4x1 


0x0 


Specifies which motor master dock should be 
used as a pin generator source 

0 - Clock derived from MotorMasterCtockPe- 

liodfO] 

1 -crock derived from MotorMasterCtockPe- 
riodfl] 


0x74 


MotorMasterClockEnable 


2 


0x0 


Enable the motor master dock counter. When 1 
count Is enabled 

Bit 0 * Enable nwtor master ctock 0 
Bit 1 • Enable motor master ck>Gk 1 


LEO control 


0x78 


LEOCtrlUserModeEnabte 


4 


0x0 


User Mode Access enable to LED control con* 
figuratk>n registers. When 1 user access is ena- 
bled. 

One bit per L£ODt/ryS^ecf select register. 


0x7Cto0x88 


LEDDutyS6lect[3:0] 


4x3 


0x0 


Specifiea the duty cyde for each LED pin.See 
Figure 42 for encoding details. The LEDDutySe- 
fec^3:07 registers determine the duty cyde of 
the gp/c/7:4/ pins 


Frequency Analyser 


OxSC 


FreqAnaPinSelect 


4 


0x00 


Selects which GPIO input shoukJ be used for the 
frequency analyses. 


0x90 


FreqAnaPinFomiSelect 


1 


0x0 


Selects if the frequency analyser should use the 
raw input or the deglitched form. 

0 - Deglitched form of Input pin 

1 > Raw form of Input pin 


0x94 


FreqAnaLastPeriod 


16 


0x0000 


Frequency Analyser last period of selected input 
pin. 


0x98 


FreqAnaAvefage 


16 


0x0000 


Frequency Analyser average period of selected 
input pin. 


Ox9C 


FireqAnaCountInc 


20 


0x0000 
0 


Frequency Analyser counter increment amount 
For each dock cyde no edge is detected on the 
selected input pin the accumlator Is bicremented 
by this amount. 


Miscellaneous 


OxAO 


InterruptSrcSelect 


14 


0x000 


Interrupt source select. 1 bit per GPIO pin. 
Determines whether the interrupt source is 
direct form the input pin or the deglitched ver- 
sion 

1 ' Input pin direct 
0 - Deglitched input pin 


OxM 


DebugSelect 


6 


0x00 


Debug address select Indteates the address of 
the register to report on the gpio_cpu_elata bus 
when It is not otherwise t>eing used. 


OxAS-OxAC 


MotorMasterCount 


2x16 


0x0000 


Motor master dock counter values. 
Bus 0 - Master dock count 0 
Bus 1 - Master dock count 1 
Read Only registers 
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f 3. 10. 2. 1 Supervisor and user mode access 

The configuration registers block examines the CPU access type (cpu_acode signal) and determines if the 
access is allowed to that particular register, based on configured user access registers. If an access is not 
allowed the GPIO will issue a bus error byiasserting the gpiojcpujyerr signal. 

Access to the CpuIO Direction, CpuIOOut, CpuIOJn and CpuIOInDeglitch is filtered by the CpuIOVser- 
ModeMask and CpuIOSuperModeMask registeis. Each bit masks access to the corresponding bits in the 
CpuIO* registers for each mode, with CpuIOUserModeMask filtering user data mode access and CpuIO- 
SuperModeMask filtering supervisor data mode access. 

The addition of the CpuIOSuperModeMask register helps prevent potential conflicts between user and 
supervisor code read modify write operations. For example a conflict could exist if the user code is inter- 
rupted during a read modify write operation by a supervisor ISR which also modifies the CpuIO* registers. 

An attempt to write to a disabled bit in user or supervisor mode will be ignored, and an attempt to read a 
disabled bit returns zero. If there are no user mode enabled bits then access is not allowed in user mode 
and a bus error will result Similarly for supersrisor mode. 

When writing to the CpuIOOut register, bits 29 to 16 are used to mask the write to the CpuIOOutfI3:0J. If 
the mask bit is zero the write is active to corresponding CpuIOOut pin. otherwise the write to that pin is 
ignored 

The pseudocode for determining access to the CpuIODirection register is shown below. Similar code could 
be shown for the CpuIOOut^ CpuIOIn and CpuIOInDeglitch registers, 
if (cpu.acode == SUPERVisoR_DATA^MODE) then 
// supervisor znode 

if (CpuIOSuperModeMask (13 :0J 0 ) then 

// access is denied, and bus error 

gpio_cpu^err = 1 
els if (cpu_rwn e= 1) then 

// read mode 

gpio.cpu.data{13:0) « { CpuIOOut C 13 :0) & CpuI0SuperModeHask[13:0) ) 

else 

// vrrite mode, filtered by mask! 

ma5kCX3:0J = -(cp\3L_dataout C29 : 16) ) & CpuIOSuperModeMask ( 13 :0) 

CpuIOOut [13:0] = (( cpu_dataouttl3:03 & mask [13:0] ) | 
< CpuIOOut t 13:0) & -(masktl3:0)3))) 
elsif (cpu.acode «» USEICDATAJKODB) then 
// user datamode 

if (CpuIOUserModeMask C 13:0) 0 ) then 

// access is denied, and bus error 

gpio_cpu_berr = 1 
elsif (cpu_rwn 1) then 

// read mode, filtered by mask ' 

gpio_cpu_data = { CpuIO<^t [13 :0] & CpuIOUserModeMask! 13 :0) ) 
else 

// %irrite mode* filtered by mask 

maak(l3s0) a -(Cpu^dataout (29 : 16] } & CpuIOUserModeMask ( 13 ;0] 

CpuIOOut [13:0] = (( cpu.dataout(13:0] & ma8k(13:0] ) | 
( CpuIOOut(13:0) & --(mask(13:0]]))) 

else 

// access is denied, bus error 
9pio_cpu^berr = 1 
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Table 45 details the access modes allowed for registers in the GPIO block. In supervisor mode all registers 
are accessible. In user mode forbidden accesses will result in a bus error {gpio_jcpuJberr asserted). 



Table 45. GPIO supervisor and user access modes 











0x00 


CputOCtrl 


Supervisor data mode only 




0x04 


CpuIOUserModeMask 


Supervisor data mode only 




0x08 


CpulOSuperModeMask 


Supervisor data mode onty 




OxOC 


CpulODirection 


CpulOUserModeMask and CpuJOSuperModeMask filtered 




0x10 


CpulOOut 


CpuIOUserModeMask and CptitOSuperModeMask fittored 




0x14 


CpulOln 


CpulOUserModeMask and CputOSuperModeMask filtered 




0x18 


CpuIOlnOeglitcti 


CpiilOUeerModeMask and CpulOSuperModeMask filtered 




0x20-024 


OeGDtchCount[1:0] 


Supervisor data mode only 




0x28-20 • 


OeQlitchCrkSrc[1:0] 


Supervisor data mode only 




0x30 


DeGBtchSelect 


Supervisor data mode only 


1 


0x34 


MotorCtrlUserModeEnable 


Supervisor data mode only 


1 


0x3dto0x3C 


MotorMasteiakPerlod[1 :0] 


MotorCtr1UserModeEnat)Je enat^Ied 


1 


0x40 


MotorMasterOkSrc 


MotorCtrlUserWodeEnaWe enabled 




0x44 to 0x50 


MotorCtriHigh(3:0] 


MotorCtriUserModeEnabie enabled 




0x54 to 0x60 


MotorCtriLow(3:0) 


MotorCtr1UserMode£nal>le enat)led 


1 


0x64 to 0x70 


MotofMastefCIkSeIect(3:0J 


MotorCtriUserModeEnabie enat)led 


1 


0x74 


MotorMasterCrockEnabId 


MotorCtriUserModeEnabie enabled 




0x78 


LEDCtriUserModeEnabTe 


Supervisor data mode only 




0x80 


LEDDutySefectfOJ ; 


LEIX:trfUsefModeEnable[0} enabled 




0x84 


LEDOutySelectlll 


LEDCtriUserModdEnable[1} enabled 




0x74 


LE0DutySeIect(2] 


LEOCtrfUserModeEnable[2] enabled 




0x88 


LE0DutySelecl(3] 


LE0CtrlUserModeEnable[3] enabled 




Ox8C 


ReqAnaPinSelect 


Supervisor data mode only 


1 


0x90 


FireqAnaPinFormSelect 


Supervisor data mode only 




0x94 


FreqAnaLastPariod 


Supervisor data mode only 




0x98 


PreqAnaAverage 


Supervisor data mode only 




0x9C 


ReqAnaCountInc 


Supervisor data mode only 


1 


OxAO 


IntemjplSrcSelect 


Supen/isor data mode only 


1 


0xA4 


DebugSelect 


Supervisor data mode only 


1 


OxAd-OxAC 


MotorMasterCount 


Supervisor data mode only 
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13.10.3 GPIO partmon 
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Figure 43. GPIO partition 



13.10.4 lO control 

The lO control block connects the lO pin drivers to internal signalling based on configured setup registers 
and debug control signals. 

The motor, LED pins, ISI and LSS control logic: 
// motor and led pins 
for (i=0; i<14 ; i++) ( 

if (debug_cntrl ti) -=» 1) then 
gpio_e{i3 a i 
0pio.o(i] = debug_data^out ( i] 
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cpu_io_in(i) = gpio_i(i) 
if (cpu_io_ctrl[i] == 1) then 

gpio.ed] = cpu_io_dir (i) 

gpio.od) = cpu_io_out CiJ 

cpu_io_in[iJ e gpio_i[i3 
else 

// default control 

if ( i < 4 ) then // motor control pins 

gpio_e(i] « 1 

gpio.o[i) =f motor_ctrl (i) 

cpu_io„intiJ = gpio_i(il 
elsif ( i < 8 ) then // LED pins 

gpio_e(i] » 1 

gpio^oti] a lecSUctrlCi) 

cpu_io_in[il = 9pio_itiJ 
elsif (i < 10) then // LSS interface clock pins 

gpice(i| 3 1 

gpio.o(i) - l8s..gpio.clk(i-8] 

cptuio_in(i] = gpio_itil 
elsif (i < 12) then // LSS interface data pins 

gpio_etil = l8S_spio_e[i-10) 

flpio_oli] = l8S_gpio_doCi-10) 

l8S.jgpio.dl[i-10J = 9pio_i(i) 
else // 1ST interface' pins 

gplo_e(i) «« isi..gpio_e(i-12J 

gpio_oIiJ «x i8i_gpio_doutCi-12) 

isi_gpio_dinCi-12] = gpio_i[i) 

) 

13.10.5 LEO pulse generator 

The pulse generator logic consists of a 7-bit counter that is incremented on a 1 (is pulse from the timers 
block (tim_pulse[OJ). The LED control signal is generated from comparing the coimt value with the con- 
figured duty cycle for the LED {led^duty^sel). 

The logic is given by: 

for (i=0 i<4 ;i'>+) { // for each LED pin 
// period divided into 8 segments 
perlod_div8 = cntC6:43; 

if (period.div8 <» led^duty.sel [i] ) then 

led_ctrl[i] « 1 
else 

led_ctrlCiJ a o 
//in higher half invert the led control 
if (cnt(6] »a 1) then 

led-ctrl(il « - led_ctrl(il 

> 

// update the counter every lus pulse 
if (tiin_pulse{0) 1) then 
cnt ++ . 

13.10.6 Motor contrx^l 

The motor controller consists of 2 coimters, and 4 phase generator logic blocks, one per motor control pin. 
The counters decrement each time a timing pulse {cnt_en) is received. The counters start the configured 
clock period value (motor_mas_cik^eriod) and decrement to zero. If the coimters are enabled (via 
motor_masjolk_enable), the coimters will automatically restart at the configured clock period value, oth- 
erwise they will wait until the counters are re-enabled. 
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The timing pulse period is one oTpclk, l\is, \O0\is, 1ms depending on the motor_masjclk_sel signal. The 
counters are used to derive the phase and duty cycle of the of each motor control pin. 
// decreiaent logic 
if (cnt^en =a i) then 

if ((mas^cnt == 0) AND {niotor_inas_clk_enable == 1)) then 

mas^cnt = motor_roas_cl)c_period[15 : 01 
elsif ((mas^cnt -~ 0) AND (motorjnas.clk^enable == 0)) then 

mas^cnt « 0 
else 

mas_cnt 
else // hold the value 
znas_cnt = mas_cnt 



tim_puJse(0)- 

timjxilse(2)- 
1- 



motor_mas.ctK_period(OJ 
fnotor.mas.dK_enabte(oj 




iTiotor_ctrt 



motor_inas.cQeperiod[l ] y ► 
motor_mas.dK.enab(e( 1 ] ^ 



motor.mas.count 



Figure 44. Motor control RTL diagram 

The phase generator block generates the motor control logic based on the selected clock generator 
{motor^mQs_plkjsel) the motor control high transition point {motor^ccrl_high) and the motor control low 
transition point (motor_ctrl_low). There are 4 instances one per motor control pin- 

The logic is given by: 

// select the input counter to use 
if <motorjnas_clk_sel == 1) then 

count = nias_cnt(l] 
else 

count « ine8_cnt(0] 
// Generate the phase and duty cycle 

if ( (motor^ctrl == 1 ) AND (count == motoric trl_l ow ) ) then 
motor.ctrl « 0 

eleif ( (motor^ctrl =» O) AND (count == iDotor_ctrl_high) ) then 

iaotor__ctrl = 1 
else 

xnotor_ctrl = motor.ctrl // remain the same 
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13.10.7 Input deglttch 

The input deglitch logic rejects input states of duration less than the configured number of time units 
{deglitch^cnt), input states of greater duration are reflected on the output cpuJoJinjdegUtch. The time 
units used (eiihcrpc/A, Ijis, lOO^s. 1ms) by the deglitch circuit is selected by ^ degHtch_clk_src bus. 

There are 2 possible sets of deglitch jcnt and deglitchjclk^src that can be used to deglitch the input pins. 
The values used are selected by the deglitch jsel signal. 

Each input pin can be used to generate an intemipt. The interrupt can be generated from the raw input sig- 
nal or a deglitched version of the input The interrupt source is selected by the intenupt_src_selec{ signal. 

The counter logic is given by 

if ( cpu_io_in l = cp(u^io_in«.delay) then 

cnt a deglitct\_cnc 

outpuc.en » 0 
elsif (cnt == 0 ) then 

cnt ■ cnt 

output_en « 1 
elsif <cnt_en e= 1) then 

cnt 

output_en = 0 



t2m_pulse[0) 
tfrn_pulse[2]' 



deglitch.clK^selfO] 

degBlch.cnt(0] 
deglltch.cnttl] 

dogfitctuseJ 




^ cpu.io.In_dagntch 



I I ► flpto-teujiq 



Figure 45. Input de-gHtch RTL diagranrt 



13.10.8 Frequency Analyser 

The frequency analyzer block monitors a selected input pin (selected by Fi^eqAnaPinSeiect and FreqAnaP- 
inFormSel) and detects positive edges. Between successive positive edges detected on the input pin it 
increments a counter by a programmed amount (FreqAnaCountInc) on each clock cycle. When a positive 
edge is detected the FreqAnaLastPeriod register is updated with the top 16 bits of the counter and the 
counter is reset. The frequency analyser also maintains a running average of the FreqAruiLastP^iod regis- 
ter. Each time a positve edge is detected on the input pin the FreqAnaAverage register is updated with the 
new calculated FreqAnaLastPeriod The average is calculated as 7/8 the current value plus 1/8 of the new 
value. Both the FreqAnaLastPeriod and FreqAnaAverage registers can be written to by the CPU. 
The pseudocode is given by 

if ((pin 1) A^7D pin_dQlay seO ) ) then // positive edge detected 
frG<j_ana_lastperiod = count (31: 16] 

freq_ana_average = f re<i_ana_average - frea.ana_average/a f reQ_ana_lastperiod/8 
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count B 0 
else 

cotant = count ■♦■ f req_ana_count_inc 
// implement the configuration register write 
if (wr_lost_en == 1) then 

f req_ana_lastperiod = wr_data 
elsif (vrr_average_en «s= i ) then 

f req_ana_average = wr_data 



Cpu^lo Jrt_degfitch( 1 3.*0| 
cpu_k)_ln(l"3:i 



14 



_E!n. 



freqjafiaj2lrusel{a:0] - 



Pin delay ^ 



wr.datallSX)) — ^ 



2^ 



freq_ana_counUnc 



Analyser Logic 



^5 



18 



16 



^ ^ cxHint 



D 



Figuro 46. Frequency analyser RTL diagram 



fr6q.ana_tast_perfod[tS:0] 



freq_anajBvefaga[15:0] 
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14 Interrupt Controller Unit (ICU) 

The interrupt controller accepts up to N input interrupt sources, determines their priority, arbitrates based 
on the highest priority and generates an interrupt request to the CPU. The ICU complies with the interrupt 
acknowledge protocol of the CPU. Once the CPU accepts an intemipt (i.e. processing of its service routine 
begins) the interrupt controller will assert the next arbitrated interrupt if one is pending. 

Each intemipt source has a fixed vector number N, and an associated configuration register, IntReg[N]. 
The format of the IntR^/NJ register is shown in Table 46 below. 



Table 46- lntReg[hq register format 









Priority 


7:0 


interrupt priority 


Type 


9:8 


Determines the triggering contfitkms for Ihe Interrupt 
00- Positive edge 
10- Negative edge 
01 - Positive level 
11' Negative level 


Mask 


10 


Mask bit. ~" 

1 - intenvpts from this source are enabled. 
0 • Interrupts from this source are disatrfed. 

Note that there may be additional masks In operation at the source of the 
interrupt 


Reserved 


31:11 


Reserved. Write as 0. 



Once an interrupt is received the interrupt controller determines the priority and maps the programmed pri- 
ority to the available CPU priority levels, and then issues an interrupt to the CPU. The mapping of pro- 
grammed priority to native intemipt levels will be fixed, and is dependent on CPU choice. 

For example for the LEON CPU Acre are 1 5 levels available which would allow 16 sub-priorities per level 
(as each level is in itself a priority). In this case priorities 255-240 map to level 15, 240-224 to level 14 and 
so on, with priorities 15-0 corresponding to level 0. Level 0 is no intemipL Level 15 is the highest interrupt 
level. 



14.1 INTERRUPT PREEMPTION 

There are two types of pre-emption possible: standard LEON pre-emption and SoPEC pending pre-emp- 
tion. With standard LEON pre-emption an intemipt can only be pre-empted by an interrupt with a higher 
priority level. If an interrupt with the same priority level (1 to 15) as the intemipt being serviced becomes 
pending then it is not acknowledged until the current service routine has completed. The SoPEC pending 
pre-emption is an extension of the standard LEON scheme which is made possible by the programmable 
priority levels in the IntR^fNJ register. 

Interrupts with a higher sub-priority will pre-empt intemipts with a lower sub-priority but the same prior- 
ity level mapping, if the interrupt has not been acknowledged by the CPU i.e. it is still pending. If an inter- 
nipt with a higher sub-priority arrives while an intemipt with a lower sub-priority at the same level is 
being serviced then it will not be serviced until the lower sub-priority service routine has completed 

Thus when pre-emption is required, intemipts should be programmed to different levels as interrupt prior- 
ities of the same level have no guaranteed servicing order. 

The intenrupt is directly acknowledged by the CPU and the ICU automatically clears the pending bit of 

acknowledged interrupts. 
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-All intemipt controller registers are only accessible in supervisor data mode. If the user code wishes to 
mask an interoipt it must request this from the supervisor and the supervisor software will resolve user 
access levels. 



14.2 Interrupt SOURCES 

The mapping of interrupt sources to interrupt vectors (and therefore IntReg[N] registers) is shown i 
Table 47 below. Please refer to the appropriate section of this specification for more details of the interrup 
sources. 



Table 47. Interrupt sources vector fable 





mm 




0 


Timers 


WatchDog Timer Update request 


1 


Timers 


Generic Timer 1 interrupt 


2 


Timers 


Generic Timer 2 Interrupt 


3 


Timers 


Generic Timer 3 interrupt 


4-17 


GPIO 


GPIO general Interrupt, source p4n 0 *13 


ia 


MMU 


MMU Security violation 


19 


SCB 


USB Interrupt 


20 


SCB 


ISI Interrupt 


21 


SCB 


DMA interrupt 


22 


LSS 


LSS interrupt, LSS interfeoe p interrupt request 


23 


LSS 


LSS cntemjpt. LSS Interface 1 1nternipt request 


24 


PCU 


PEP Sut>-sy8tem Intemapt* CDU finished band 


25 


PCU 


PEP Sub-system Intemipt- CDU error 


26 


PCU 


PEP Sut>-system Interrupt- LBD finished band 


27 


PCU 


PEP Sub-system Interrupt- TH finished t)and 


28 


PCU 


PEP Sub-system Intemjpt- PCU finished band 


29 


PCU 


PEP Sub-system Interrupt- PCU Invalid address interrupt 


30 


PCU 


PEP Sub-system Interrupt- PHI Buffsr underrun 


31 


PCU 


PEP Sut>-sy6tem Interrupt- PHI Page finished 


32 


PCU 


PEP Sub-System Interrupt- PHI Print ready 


33 


PHI 


PEP Sub-system Interrupt- PHI Une Sync Interrupt 
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14.3 Implementation 



14.3.1 Definitions of I/O 

Table 48. Interrupt Controner Unit I/O definition 



Clocics and Resets 



pctic 


1 


rn 


System Clock 


pfst_n 


1 


In 


System reset, synchronous active low 


CPU interface : 


cpu.adr{7:2] 


6 


In 


CPU address bus. Only 6 bfts are required to decode the 
address space for the ICU block 


cpu_dataotJt[31K)] 


32 


In 


Shared write data bus from the CPU 


lcu.cpu_data[31:0] 


32 


Out 


Read data bus to the CPU 


cpu_rwn 


1 


In 


Common read/not-write signal from the CPU 


cpu_lcu__sel 


1 


In 


Stock select from the CPU. When cpu^icu^sef is high both 
CPU adrea\iS cpu dataoutsLre valid 


icu_cpu_nly 


1 


Out 


Ready signal to the CPU. When icu^cpu_niyls high it indi- 
cates the last cyde of the access. For a write cyde this 
means qpc/_tfaeaouf has been registered by the ICU bkx:k 
and for a read cyde this means the data on icv cpiuSata is 
valkl. 


lcu_cpu.never[3:0) 


' 4 


Out 


Indicates the priority leveldf the cun-ent active Interrupt 


cpu_iadc 


1 


Out 


Interrupt request acknowfedge from the LEON core. 


cpu.icujievel(3:0] 


4 


In 


Interrupt admowiedged level from the LEON core 


toujcpujberr 


1 


Out 


Bus error signal to the CPU indfoating an invalid access. 


cpu.acode{l:0] 


2 


bi 


CPU Access Code signals. These decode as foflows: 

00 • User program access 

01 - User data access 

10 - Supervisor program access 

1 1 - Supervisor data access 


icu_cpu_debug_vand 


1 


Out 


Debug Data valid on icu cpu^data bus. Active high 


Interrupts — 


tlmjcu_wdjrq 




In 


Watchdog timer Interrupt signal from the Timers block 






(n 


Qenertc timer interrupt signals from the Timers block 


gpk>_icuJrq(i3:0J 


14 


in 


GPIO pin interrupts 


nirrttj_jcujrq 




in 


Memory Managemem Unrt interrupt 


usb_icu_lrq 




In 


USB interrupt from the SC8 


isi_lcujrq 




In 


ISI interrupt from the SCB 


dmajcu.lrq 




In 


DMA interrupt from the SCB 


Iss.fcu Jrq[1 .-OJ 




tn 


LSS tnterfoce Interrupt request 


cdu_finishedband 




In 


Rnished band intemjpt request from the CDU 


cdujcujpegerror 




In 


JPEO error interrupt from the CDU 


(bd.finishedband 




In 


Rnished band Interrupt request from the LSD 


te.flnishe^and 




In 


Rnished band interrupt request from the TE 


pcu.ffnlshedband 




tn 


Rnished band interrupt request from the PCU 


pcujcu_addressjnvaltd 




In 


Invalkl address interrupt request from the PCU 
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Table 48. Interrupt Controller Unit I/O definition 









pnijcu_underrun 


1 


In 


Buffer underrun interrupt request from the PHI 


phljcu_page_finish 


1 


(n 


Page finished Interrupt request from the PHI 


phLlcu_print.rdy 


1 


In 


Print reacty intemipt request from the PHI 


pht.icujinesyncjnt 


1 


In 


Une sync Interrupt request from the PHI 



14.3.2 Configuration registers 

The configuration registers in the ICU are programmed via the CPU interface. Refer to section 1 1.4 on 
page 69 for a description of the protocol and timing diagrams for reading and writing registers in the ICU. 
Note that since addresses in SoPEC are byte aUgned and the CPU only supports 32-bit register reads and 
writes, the lower 2 bits of the CPU address bus are not required to decode the address space for the ICU. 
When reading a register that is less than 32 bits wide zeros should be returned on the upper unused bit(s) 
of icujfcujiata. Table 49 lists the configuration registers in the ICU block. 

The ICU block will only allow supervisor data mode accesses (i.e. cpujacode[l:0] - 
SUPERVISOR_DATA), All other accesses will result in icu_cpu_berr being asserted. 



Table 49. ICU Register Map 













0x00 - 0x84 


fntReg[33:0] 


34x11 


0x000 


Interrupt vector configuration register 


0x88-0x8C 


lntaear(l:0] 


2X32 


0x0000 
_0000 


interrupt pending clear register. If written with a one 
It dears corresponding interrupt 
lntCtear(0) - Interrupts sources 31 to 0 
fntClear(1] - Interrupts source 33 to 32 


0x90-0x94 


lntPending[1:0] 


2x32 


0x0000 
.0000 


Interrupt pending register. (Read Only) 
lntPending(0] - Interrupts sources 31 to 0 
lntPend!ng(1] - Interrupts source 33 to 32 


0x98 


IntSource 


6 


0x00 


Indicates the intenupt source of tfie current winning 
acth/e interrupt. (Read Only) 


0x9C 


DebugSelect 


6 


0x00 


Debug address select Indicates the address of the 
register to report on the icu^cpu^data bus when H 
is not othetwlse being used. 
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14.3.3 ICU partition 

thn Jcu wd Irq - 
tini_lcujrql2:0] - 
0pio_lcujrql13:0l - 
mfnu_lcu_lrq - 
usb^fcujrq - 
tsLfcu Jrq - 
dma^icu Jrq - 
Is3_lcojrq[l:0j - 
cdu.^nishedbano ~ 
odu^lcu Jpeyerrof - 
Ibd.finishedband - 
to.finishedbarid - 
pcu.finlshedband - 
pcu.icu^addres3.1nvalid - 
phi_lcu_page.fInJsh - 
phljcu_prln^fdy - 
ptiUicu_untferrun — 
pN_lcu Jlnesync.im — P 



7^ 



x34 



Interrupt 
detect 



34x12 



Int actlwa ^ 



cpujnt_cteaf 



Configuration 
registers 



2— Z. 



AAA 



i 



I 



Interrupt 
controller 



1 

i 



CPU 



Figure 47. ICU partition 



14.3.4 Interrupt detect 



The ICU contains multiple instances of the interrupt detect block, one per interrupt source. The interrupt 
detect block examines the interrupt source signal » and determines whether it should generate request pend- 
ing {intjyend) based on the configured interrupt type and the interrupt source conditions, if the intcmipt is 
not masked the interrupt will be reflected to the interrupt arbiter via the int^active signal. Once an interrupt 
is pending it remains pending until the intcmipt is accepted by the CPU or it is level sensitive and gets 
removed. Masking a pending interrupt has the effect of removing the interrupt from arbitration but the 
interrupt will still remain pending. 

When the CPU accepts the interrupt (using the normal ISR mechanism), the interrupt controller automatic 
cally generates an interrupt clear for that interrupt source {cpujint^clear). Alternatively if the interrupt is 
masked, the CPU can determine pending interrupts by polling the Impending registers. Any active pending 
interrupts can be cleared by the CPU without using an ISR via the IntClear registers. 

The logic is shown below: 
niask n int:_config(101 

type = int_config(9:81 

int^priority = inc_conf ig(7 : 0) 

int_pend = last_int_pend // the last pending interrupt 

// update the pending ff * 
if ((int_cleor 1 )OR <cpu_int_clear«=l) ) then 

intjend « 0 
// test for interrupt condition 

if ((type =»« NBG_L£VEL ) AND (int_src == 0) then 
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int_pend = 1 
elsif ((type == POS.LEVEL) AND (int_src == 1) 
int_pend = 1 

elsif ((type NEG^EDGE ) AND (int_src == 1) AND (laat.int.erc 0)) 
int_pend = 1 

elsif ((type POS_EDGE ) AND (int_src == 0) AND (last_int_src IM 

int^pend o i " 
else 

int_pGnd = last_int_src // stay the same as before 
// masJc the pending bit 
if (mask 1) then 

int_active = int_pend 
else 

int_active = 0 
// assign the registers 
last_iiit_8rc = int_src 
last.int^end « int^end 



1 4.3.5 Interrupt arbiter 



The interrupt arbiter logic arbitrates a winning interrupt request from multiple pending requests based on 
confijgured priority. It generates the interrupt to the CPU by setting icu^cpujlevel to a non-zero value. The 
priority of the interrupt is reflected by the value assigned to icujcpujievel the higher the value the higher 
the priority. 15 being the highest. The current winning intenrupt and is reported to the CPU via the IntSrc 
register generated in the interrupt arbiter block. 

// arbitrate based on priority 
if (arb^enable i ) then 

// arbitrate with the current winner 
win«int_priority = 0 
int^src = o 

int_request = 0 

for (ie0;i<34;i •»-'•-) { 

if ( int_activeCil 1) then < 

if (int_priority[il > win_int_priority ) then . 
win_int_priority « int_priority li) 
int^src = i 

int^request « 1 

} 

} 

} - 

// assign the CPU interrupt level 
int-ilevel « int_priority C int.srcj (7:41 
) 



1 4.3.6 Interrupt controller 



The interrupt controller is responsible for generating the interrupt to the CPU, accepting the interrupt 
acknowledge from the CPU and clearing the interrupt source pending bit 
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The exact procedure is CPU dependent, but examples are given for the LEON processor. See section 1 1.9 
on page 98 for a complete description of the interrupt handling procedure. 



<: 



Reset 
7 



c 



ait.enable = 1 



IntPend ^ loj.cpujievoi =dnt_itevei 
' arb^enable b i 



entj leu itewBl=leu enu amwrf 



IntClear 



cpg_lnt_cioa/(lnt_srcJ= 1 
oftuenable s o 



Machine remains In $anne state by debuN 
AO outputs are zero unless othenvise stated 

State Description: 

Reset : Normal reset state 

IntPend: Interrupt pending, waiting for CPU acknowledge 

IntClear Intemipt dear, dear the pending tsit for the 
current Interrupt vector 



Figure 48. Interrupt controller state diagram 

After reset the interrupt controller remains in the Reset state untO the interrupt arbiter indicates that there is 
an active interrupt pending (int^quest equal 1 ). The state machine goes to the IntPend state and signals to 
the CPU that an intemipt is pending. The machine will remain in the IntPend state until the intemipt is 
acknowledged by the CPU or the pending intemipt condition is removed. 

When the interrupt is acknowledged the state machine goes to the IntClear state to clear the pending bit of 
the interrupt source. 

On completion &e state machine returns to the Reset state and again waits for the next pending interrupt 
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15 Timers Block (TIM) 



The Timers block contains general puipose timers, a watchdog timer and timing pulse generator for use in 
other sections of SoPEC. 



1 5.1 Watchdog timer 



The watchdog timer is a 32 bit counter value which counts down each time a timing pulse is received. The 
period of the timing pulse is selected by the WatchDogUnitSel register. The value at any time can be read 
from the WatchDogTimer register and the counter can be reset by voting a non-zero value to the register. 
Should the counter reach \, a system wide reset will be triggered as if the reset came from a hardware pin. 

The watchdog timer can be polled by the CPU and reset each time it gets close to 1. or alternatively a 
threshold (WatchDoglntThres) can be set to trigger an interrupt for the watchdog timer to be serviced by 
the CPU. This interrupt can be effectively masked by setting the threshold to zero. The watchdog timer can 
be disabled, without causing a reset, by writing zero to the WatchDogThner register. 



1 5.2 Timing pulse generator 



The timing block contains a timing pulse generator clocked by the system clock, used to generate' timing 
pulses of l(is, lOO^s and 10ms. Each pulse is of one system clock duration and is active high, with the 
pulse period accurate to the system clock frequency. 

The timing pulse generator also contains a 64-bit free running counters that can be read or reset by access- 
ing the FreeRunCount register. 



15.3 Generic timers 

SoPEC contains 3 programmable generic timing counters, for use by the CPU to time the system. The tim- 
ers are progranmied to a particular value and count down each time a timing pulse is received. If a particu- 
I lar timer decrements to 0, then an interrupt is generated. The counter can be programmed to automatically 

restart the count, or wait until re-programmed by the CPU. At any time the status of the counter can be 
read from GenCntVaiue, or can be reset by writing to GenCntValue register. The auto-restart is activated 
by setting the CenCntAuto register, when activated the counter restarts at GenCntStartValue. A counter 
can be stopped or started at any time, without affecting the contents of the GenCntValue register, by writ- 
ing a 1 or 0 to the relevent GenCntEnable register. 
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1 S.4 Implementation 

15.4.1 Definitions of I/O 



Table 50. Timers block I/O definition 







mm 


MMmmmmmmmsi 


Clocks and Resets 


pcfk 


1 


In 


System Clock 


pret_o 


1 


in 


System reset, synchronous active low 


tim_pulse[2:0] 


3 


Out 


Timers block generated timing pulses, each one pclk wide 
0- ips puise 

1 - 100 116 pulse 

2 - 10ms pulse 


CPU Interface 


cpu_adr(62] 


5 


In 


CPU address bus. Only 5 bits are required to decode the 
address space for the ICU block 


cpu.dataout{3 1 :0] 


32 


fn 


Shared write data bus from the CPU 


tinrucpu_data[31 :0] 


32 


Out 


Read data Imjs to the CPU 


cpu_rwn 


1 


In 


Common read/not-write signal from the CPU 


cpu_tim_sel 


1 


In 


Block select from the CPU. When cpu_tim_seils high both 
cpu_adran(i cpu_dataout are valid 


tim_cpu_fxJy 


1 


Out 


Ready signal to the CPU. When Hmjcpu^rdy is high It Indi- 
cates the last cyde of the access. For a write cyde this 
means cpa.dataoi/thas been registered by the TIM block 
and for a read cycle this means the data on timjqpujdata Is 
valid. 


tirn_cpu.berr 


1 


Out 


Bus error signal to the CPU indicating an invalid access. 


cpu_acode(l:0] 


2 


In 


CPU Access Code signals. These decode as folfows: 

00 • User program access 

01 - User data access 

10 - Supervisor program access 
11- Supervisor data access 


tim.cpu_debug.valkl 


1 


Out 


Debug Data vaUd on tSmjcpujtSata bus. Active high 


Miscellaneous 


tim„knj_wdjfq 


1 


Out 


Watchdog timer imerrupt signal to the ICU bfock 


tim_icu_frqI2:0) 


3 


Out 


Generic timer interrupt signals to the ICU block 


tim_cpf_feset_n 


1 


Out 


Watch dog timer system reset. 
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15.4.2 Timers sub-block partition 



CPU 





cpu_iim sel 


7 F 




cpu.dataout 


► 




tim_cpu_fdy 




4- 


tin)_cpu.(fata 




4- 


opu_fwn 






CPU aoode 


► 




tfm_cpu_berr 




4- 


tim CDu debua valid 







iree_fun_cnt 




lTee_run_data 




free_run_wen 




treejnm adr 


► 



s 

c 

& 





wriog unit sftl 








wdoo-wen 








%^rtto<j^tlm data 








wdoa Ihn cnt 







Timing pulse 
generator 



wn Win gn 



pan tim aute 



gen unit stf 



Oftn vwn 



g6n_tgn_data 



Q6n_tim_cnt 



qen_tim^cnt_st_value ^ 



tifnj3iilse[2:0] 



Watchdog 
timer 



tim Jcu_wd_lfq 



Generic 
timers 



tffn.C()r.re3eL.n 



otiRUicu.iiqia.'O] 



Figure 49. Timers sub-block partition diagram 



1 5.4.3 Watchdog timer 

The watchdog timer counts down from pre-programmed value, and generates a system wide reset when 
equal to one. When the counter passes a pre-programmed threshold {wdogjtimjthres) value an interrupt is 
generated Qimjicu_wdja^) requesting Ae CPU to update the coimter. Setting the counter to zero disables 
die watchdog reset. In supervisor mode the watchdog counter can be written to or read from at any time, in 
user mode access is denied. Any accesses in user mode will generate a bus error. 

wtfog^unit^sel- 

tiin_putsa[o] 
tim_putse{1] 
tiriupulsep] 
1 



wdog^wen 
%wdog_tim_data 




^ tifn_lcu_wd Jrq 
^ Unrucpr^fttsaun 
^ wdog.tim_cnt 



Figure 50. Watchdog timer RTL diagram 



The counter logic is given by 
if (wdog_wen == 1) then 

wdog_tinucnt « wdog^tinudata 
elsi£ C wdog^tinucnt == 0> then 

wdog_tinv_cnt « wdog^tiaucnt 
elsi£ ( cnt.en 1 ) then 



// load new data 
// count disabled 
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i*dog_tini_ciit — 
else 

wdog_tim_cnt = wdog_tin\_cnt 
The timer decode logic is 

if (( wdog.tinucnc == v«iog_tin\_thre8) AND <wdog_tiiiucnt != 0 )) then 

tiiiL.icu_wd_irq » 1 
else 

tiin_icu_wdLirq » 0 
*// reset generator logic 
if (wdog^tinucnt == 1) then 

tint.cpr_reset_n = 0 
else 

tiaucpa^-reset^n = 1 



1 5.4.4 Generic timers 



The generic timers block consists of 3 identical counters. A timer is set to a pre-configured value {CenCnt- 
StartValue) and counts down once per selected timing pulse (£en_unit_sel). The timer can be enabled or 
disabled at any time (gen_tim_en\ when disabled the counter is stopped but not cleared. The timer can be 
set to automatically restart (genjtim_fluto) after it hits zero. In supervisor mode a timer can be written to or 
read from at any time, in user mode access is determined by the GenCntUserAfodeEnable register settings. 

2^ 

gen_unit.se]- 
tIm_pijlsdIOJ 

tlm_pulsel2] 
1 

geO-tfrn-cnUsUvalue 
gefuwen 
• gefutinL.data 
gen_ti(n_en 
g6n.iinrt.etito 




tim_icu_lfq 



g6n_tift|_jcm 



Figure 51. Generic timer RTL diagram 

The counter logic is given by 

if (gen_wen oa i) then 

*gen_tim_cnt = gen_tiin«data 
elsif (( cnt_en nc i )and (gen_tiin_en — 1 )) then 

if ( gen_tiitL_cnt == 0) then // counter may need re-starting 
if Cgen_tinx_auto ae i) then 

gen_tiin_cnt = gen_tinL,cnt_st_value 
else 

geix_tiiiL.cnt « gen_tinL_cnt 

else 

gen_tijn_cnt — 

else 

gen_tim_cnt = gen_tijii_cnt 

The decode logic is 

if (gen_tim_cnt -= 1) then 

tinv_icu_irq = 1 
else 

tinv_icu^irq = 0 
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15.4.5 Timing pulse generator 



The timing pulse generator contains a general free running 64-bit timer and 3 timing pulse generators pro- 
ducing timing pulses of one cycle duration with a period of Ijis, lOOpis and 1ms. In supervisor mode the 
free ruiming timer register can be written to or read from at any time, in user mode access is denied. The 
status of each of the l^s, lOO^s and Ims timer can be read by accessing the JlmerFulseStatus registers. 
Any accesses in user mode will result in a bus error. The status of each of the l^s, 100|is and Ims timer 
can be read by accessing the HmerPulseStatus register in supervisor mode. 



Free Run Timer 



free_f un_wen - 



1re«_run_data ^ ^ 

free_ruri.adr ■■ 




— ► free_run_cnt 



1 US Timer 



Decrement 
Logic lus 



lOOus Tim sr 



Decrement 
Logic lOOus 



pulse.iOOus ' 



1 0ms TImi ! 



Decrement 
Logic 10ms 



Compare 



Compare 



.lOOus 



tlnijiulse[l] 



Compare 



llni_pu!se(2| 
puIS6.limer.6taius 



tlm_pulse[2:0]- 
Figure 52. Pulse generator RTL diagram 



f 5.4.5. f Free Run Timer 

The increment logic block increments the timer count on each clock cycle. The counter wraps around to 
zero and continues incrementing if overflow occurs. When the timing register {FreeRunCount) is written 
to, the configuration registers blocic will set the Jree_run_wen high for a clock cycle and the value on 
free_runjdata will become the new count value, for the 32 bits selected by the free^run_adr signal. If 
Jree_run_adr is 1 the higher 32 bits of the counter will be written to, otherwise the lower 32 bits are writ- 
ten to. It is the responsibility of software to handle these writes in a sensible manner. 

•The increment logic is given by 
if < f ree_run_won == 1) then 
if ( free.run^adr ss i) then 

free_run_cnt[63 :32) = f ree_run_data 

else 

free_run_cnt(31:01 ■ f ree.ruA_data 

else 
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fre€_run_cnt 



15.4.5.2 Pulse Timers 



The pulse timer logic generates timing pulses of 1 clock cycle length and period of \\is^ lOO^xs and 1ms. 
The logic for the 1 fis timer is given by: 

// lus generator 

if (pulBe_lus_cnt ea 0 ) then 

pulse_lus_cnt =159 

pulse.lus = 1 
else 

pulse_lus_cnt 

pulse.lus B 0 

The logic for lOO^s timer is given by: 
// lOOus generator 

if f (pulse_100us_cnt == 0 ) AND (pulse.lus D) then 

pulae^lOOus^cnt = 99 

pul8O_l00us = 1 

elsif (pulse_lus == 1) then 

pulse.lOOus^cnt — 

pulse^lOOus = 0 

else 

pulse_100us_cnc — 
pulse_100u9 s 0 

The logic for the lOms timer is given by: 
// lOins generator 

if Mpul 8e_10ins.cn t e« 0 > AND (pulse.lOOus »= 1)) then 

pulse.l (hasten t = 99 

pul8e_10ms B 1 

elsif (pulse.lOOus 1) then 

pulae_10&is_cnt — 

pulse.lOns- o 0 
else 

pulse.lOnis^cnt — 
pulse.lOms = 0 



The configuration registers in the TIM are programmed via the CPU interface. Refer to section 1 1.4.3 on 
page 70. for a description of the protocol and timing diagrams for reading and writing registers in the TIM. 
Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register reads and 
writes, the lower 2 bits of the CPU address bus are not required to decode the address space for the TIM. 



15.4.6 €k>nfiguration registers 
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When reading a register that is less than 32 bits wide zeros should be returned on the upper unused bit(s) 
of tim^cu^data. Table 51 lists the configuration registers in the TIM block . 



Table 51. Timers Register Map 







M 






0x00 


WatchDogUnitSel 


3 


0x0 


Specifies the units used for the watehdog 

timer: 

0 - 1 ^ pulse 

1 - 100 ^s pulse 

2 • 10 ms pulse 
3-pc^ 


0x04 


WatchOogTimer 


32 


OxFFFF 
_FFFF 


Specifies the number of units to count before 
watchdog timer triggers. 


0x08 


WatchDoglntTlired 


32 


0x0000 
,0000 


Specifies the threshold value below whfch the 
watchdog timer Issues an interrupt 


OxOCOxlO 


ReeRunCount(1 X)] 


2x32 


0x0000 
_0000 


Direct access to the free running counter reg- 
ister. 

Bus 0 - Access to bits 31-0 
Bus 1 - Access to bits 63-32 


0x14to0x1C 


QenCntStartValue[2.'0] 


3x32 


0x0000 
_0000 


Generic tJmer counter start value, number of 

units to count before event 


0x20 to 0x28 


GenCn^aiue(2:0] 


3x32 


0x0000 
_0000 


Direct access to generic timer counter regis- 
ters 


0x2Cto0x34 


GenCntUnitSel[2.-0] 


3x2 


0x0 


Generic counter unit select Selects the timing 
units used with con^esponding counter 

0 - 1 |is putse 

1 - 100 MS pulse 

2- 10 ms pulse 

3- pcfff 


0x38 to 0x40 


QenCmAulD[2:0] 


3x1 


0x0 


Generic counter auto re-start select When 
high timer automaticaily restarts, otherwise 
timer stops. 


0x44 to 0x4C 


GenCntEnable[2.*0] 


3x1 


0x0 


Generic counter enable. 

0 - Counter disabled 

1 - Counter enabled 


OxSO 


GenCntUserModeEnable 


3 


0x0 


User Mode Access enakde to generic timer 
configuration register. When 1 user access Is 
enat>(ed. 

Bit 0 - Generic timer 0 
Bit 1 - Generic timer 1 
Bit 2 - Generic timer 2 


0x54 


DebugSelect 


6 


0x00 


Debug address select. Indicates the address 
of the register to report on the tim_cpu_data 
bus ¥/hen it is not otherwise being used. 


Read Only Registers 


0x58 


PulseTtmerStatus 


24 


0x00 


Current pulse timer values* and pulses 

6 X) - 1 us timer count 

7 -1 us pulse 

14:8 - lOOus timer count 
15 -lOOus pulse 
22:16- 10ms timer count 
23 • 10 ms pulse 
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15,4.6, i Supervisor and user mode access 

The configuration registers block examines the CPU access type {cpu_acode signal) and determines if the 
access is allowed to that particular register, based on configured user access registers. If an access is not 
allowed the block will issue a bus error by asserting tiic tim^cpujberr signal. 

The timers block is fully accessible in supervisor data mode, all registers can written to and read from. In 
user mode access is denied to all registers in the block except for the generic timer configuration registers 
that are granted user data access. User data access for a generic timer is granted by setting corresponding 
bit in the GenCntUserModeEnable register. This can only be changed in supervisor data mode. If a partic- 
ular timer is granted user data access then all registers for configuring that timer will be accessible. For 
example if timer 0 is granted user data access the GenCntStartValuefO] , GenCntUnitSelfOJ, GenCn- 
Uuto[0], GenCntEnable[0] and GenCntValue[0] registers can all be written to and read from without any 
restriction. 

Attempts to access a user data mode disabled timer configuration register will result in a bus error. 

Table 52 details the access modes allowed for regions in the TIM block. In supervisor data mode all reg- 
isters are accessable. All forbidden accesses will result in a bus error {tim^cpujyerr asserted). 



Table 52. TIM supervisor and user access modes 





ilfWlii 




0x00 


WatchDogUnitSel 


Supervisor data mode only 


0x04 


WatchDogTimer 


Supervisor data mode only 


0x08 


Watch DoglnfThres 


Supervisor data mode only 


OxOC-OxlO 


FreeRunCount 


Supervisor data mode only 


0x14 


GenCntStartVatueCO] 


GenCntUserModeEnablelO] 


0x18 


GenCntStartValue[ 1 ] 


GenCntUserModeEhable[1] 


0x1 C 


QenCntStartValue[2] 


GenCntUserModeEnable[2] 


0x20 


GenCntValue[0] 


GenCntUserModeEnable(0] 


0x24 


GenCntValue[1] 


GenCntUserModeEnable[1] 


0x28 


GenCiitValue[2] 


GenCntU8erModeEnable[2] 


0x2C 


GenCntUnitSel[0] 


GenCntUserModeEnab(e[0] 


0x30 


GenCntUnitSel(11 


GenCntU5erMode&iable[1] 


0x34 


GenCntUnitSel[q 


G enCntUsefModeEnable[2] 


0x38 


GenCntAuto{01 


GenCntUserModeEnab{e{0] 


0x3C 


GenCntAuto{1] 


GenCntUserModeEnablell 3 


0x40 


GenCntAuto(2] 


G enCntUserModeEnabJe(2) 


0x44 


GenCntEnabIe(0] 


Ger\CntUserMode Enable[0} 


0x48 


GenCntEnable(1] 


GenCntUsef ModeEnaWefl ] 


0x4C 


GenCntEnabte[2] 


G efiCntUserModeEnabre(2] 


0x50 


GenCntUserModeEnable 


Supervisor data mode only 


0x54 


DebugSelect 


Supervisor data mode only 


0x58 


PulseTimerStatus 


Supervisor data mode only 
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16 Clocking, Power and Reset (CPR) 

The CPR block provides all of the clock, power enable and reset signals to the SoPEC device. 

16.1 POWERDOWN MODES 

The CPR block is capable of powering down certain sections of the SoPEC device. When a section is pow- 
ered down (i.c. put in sleq> mode) no state is retained, the CPU must rc-initialize the section before it can 
be used again. The exact powerdown mechanism is undefined and is technology dependent. 

For the puipose of powerdown the SoPEC device is divided into sections: 



Table 53. Powerdown sectioning 





Print Engine Pipeline Subsystem 
(Section 0) 


CDU 


CFU 




LBO 




SFU 




TE 




TFU 




HCU 




DNC 




DWU 




LLU 




PHI 


CPU-DRAM (Section 1) 


ORAM 




CPU/MMU 




DIU 




TIM 




ROM 




L^S tnterfSace 


Comms Subsystem (Section 2) 


USB 




ISl 




DMA Ctrl 




GPIO 




PSS 




ICU 



16.1.1 Sleep mode 

Each section can be put into sleep mode by setting the corresponding bit in the SleepModeEnable register. 
To re-enable the section the sleep mode bit needs to be cleared and then the section should be reset by 
writing to the relevant bit in the ResetSection register. Each block within the section should then be re-con- 
figured by the CPU. 

I If the CPU system is put into sleep mode, the SoPEC device will remain in sleep mode until a system level 

reset is initiated from the reset pin, or a wakeup reset by the SCB block as a result of activity on either the 
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USB or rsi bus. If all sections are put into sleep mode, then only a system level reset initiated by the reset 
pin will re-activate the SoPEC device. 

Like all software resets in SoPEC the ResetSeaion register is active-low i.e. a 0 should be written to each 
bit position requiring a reset The ResetSection register is self-reseting. 

16.2 Reset SOURCE 

The SoPEC device can be reset by a number of sources. When a reset from an internal source is intiated 
the reset source register (ResetSrc) stores the reset source value. This register can then be used by the CPU 
to determine the type of boot sequence required. 

1 6.3 Clock relationship 

The crystal oscUlator excites a 32MHz crystal through the xtalin and xtalout pins. The 32MH2 output is 
used by the PLL to derive the master VCO frequency of 960MH2. The master clock is then divided to pro- 
duce 320MH2 clock {clk320), I6OMH2 clock {clkieCf), l06MHz clock (ciklOS) and 48MHz (clk4S) clock 
sources. 

The phase reliationship of each clock from the PLL will be defined. The relationship of internal clocks 
clk320, clkl 06, clk48 and clkl60 to xtalin will be undefined. The clock tree generation should create inser- 
tion delays so as to compensate for the phase difference of the clocks leaving the PLL. At the output of the 
clock block, the skew between each /ic/^ domain (pclk_sectionP:OJ and Jclk) should be within skew toler- 
ances of their respective domains (defined as less than the hold time of a D-typc flip flop). 

The skew between daclk and phiclk should also be less than the skew tolerances of their respective 
domains. 

The usbclk is derived from the PLL output and has no relationship with the other clocks in the system and 
is considered asynchronous. 
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There is no skew requirement between the pclk domains and the doclk and phiclk domains, they are con- 
sidered essentially asynchronous to each other. 



1.04ns 



PU. Master Clock 



njiiinnnnnnnnnjiiuu^ 



dk320 



dodk 



dkieo 



pc<k 
Jdk 



cucloe 



phrdk 



c»c320 PU. pDSte ahm 



H docflt inMftion cisia/ 



J 



1 ^ > \ dkteO PLL plUM shift 

j \ I — L 

pclk/)dk insertion delay 



r — L 



dkl 06 PLL phase Shift 



1_J — LJ — 1_ 
~1 I 1_ 

1 I L 



I 1 I L 



H phWitiftsortoo delay 

Figure S3. SoPEC clock relationship 
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16,4 iMPLEMENTATiON 
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1 6.4.1 Definitions of I/O 



Table 54. CPR I/O definition 











Clocks and Resets 








xtalin 


1 


In 


Crystal input, direct from lO pin. 


xtalout 


1 


Out 


Crystal output, direct to 10 pin. 


pdk.8ectlonl2:0] 




Out 


System docks for each section 


phldk * 


1 


Out 


Printhead intefface dock (dodk/3) for the PHI bk>ck 


docile 




Out 


Data out dock (2x pdk) for the PHI block 


jcllc 




Out 


Gated versfon of system dock used to clock the JPEG decoder 
core in the COU 


u$t)dk 




Out 


USB dock at 3 times the crystal input frequency, nominally at 46 
Mhz 


Jdk^enable 




In 


Gating signal forjdk. 


reset_n 




In 


Reset signal from the fBset^n pin 


usb_cpf_reset.n 




In 


Reset signal from the USB tlock 


lsl_cpf_reset.n 




In 


Reset signal from the ISl bfock 


tim_cpf_reset_n 




In 


Reset signal from %vatch dog timer. 


P rst_n_sectlon(2:0] 




Out 


System resets for each section, synchronous active fow 


phirst_n 




Out 


Reset for PHI lilock, synchronous to phidk 


dorst.n 




Out 


Reset for PHI block, synchronous to dodk 


i»st-n ' 




Out 


Reset for JPEG decoder core in CDU kAock, synchrorwus to jdk 


usbrst^n 




Out 


Reset for the USB block, synchronous to ust)clk 


Test Input 


te8t_clk 




In 


Test dock direct from external pin, for use in production test (scan 
test) 


te8t_enable 




In 


Test enable. Direct from external pin. When high productfon test 
mode Is enabled. 


CPU Intefface 


cpu.adrt3-2) 


2 


In 


CPU address bus. Only 2 bits are required to decode the address 
space for the CPR bfock 


cpu_dataout{31:0] 


32 


In 


Shared write data t>us from the CPU 


cpr_cpu_data(31 :0] 


32 


Out 


Read data bus to the CPU 


cpu.nwn 


1 


In 


Convnon read/hot-wrfte signal from the CPU. 


cpu.cpr^sel 


1 


In 


Bfock select from the CPU. When cpu_€pr_sel is high both 
qpLLadrand cpu^dataout are valid 


cprjcpu^fdy 


1 


Out 


Ready signal to the CPU. When cpr_cpu_fcty \s high It Indicates 
the last cyde of the access* For a write cyde this means 
cpu^dataouthas been registered by the block and for a read cyde 
this means the data on cpr^cpu^data is valk^. 


cpr.cpu.berr 


1 


Out 


Bus error signal to the CPU indicating an invalM access. 


cpu.aoode[1 X>] 


2 


In 


CPU Access Code signals. These decode as folfows: 

00 - User program access 

01 - User data access 

10 - Supervisor program access 

1 1 - Supervisor data access 


cpr_q>u_debug_vand 


1 


Out 


Debug Data valid on cpr_cpu_data bus. Active high 
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Table 54. CPR I/O definition 



Miscellaneous 

pwr_sleep_rTK>de[2.-01 | 3 | Out | Sleep mode section select 

16.4.2 Configuration registers 

The configuration registers in the CPR are programmed via the CPU interface. Refer to section 11.4 on 
page 69 for a description of the protocol and timing diagrams for reading and writing registers in the CPR. 
Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register reads and 
writes, the lower 2 bits of the CPU address bus are not required to decode the address space for the CPR. 
When reading a register that is less than 32 bits wide zeros should be retumed on the upper unused bit(s) 
of cpr^cu_daia. Table 55 lists the configuration registers in the CPR block- 

The CPR block will only allow supervisor data mode accesses (i.e. cpu_acode[i:0] « 
SUPER VISORJ}ATA ). All other accesses will result in epr^cpujberr being asserted . 



Table 55. CPR Register Map 













0x00 


SleepModeEnaUe 


3 


0x0 


Sleep Mode enable, when hlQh a section of logic 
has Is powerdo%vn. Each bit controls a section 


0x04 . 


ResetSrc 


4 


0x0* 


Reset Source register. Indicating the source of 

the last reset. 

Bit 0 • External Reset 

Bit 1 - USB wakeup reset 

Bit 2 - ISI wakeup reset 

Bit 3 • Watchdog timer reset 


0x08 


ResetSection 


3 


0x7 


Active-low synchronous reset for each section, 
sell-resetting. 


OxOC 


DetNJoSetect 


6 


0x00 


OetMig address select. Indtoates the address of 
the register to report on the cpr_cpu_cSata bus 
whan It is not otherwise being used. 


PLL Control (Asynctironcus reset registers) 


0x10 


PLLTuneBits 


10 


0x23E 


PLL tuning bits 


0x14 


PLLRangeA 


4 


OxF 


PLLOUT A frequency selector (detautts to 
600Mh2to1250Mhz) 


0x18 


PLLRangeB 


3 


0x7 


PLLOUT B frequency selector (defaults to 
600Mhzto12S0Mhr) 


OxIC 


PIXMuItipUer 


5 


0x25 


PLL inultiptier selector, del^ults to r9fc0cx2Q 



a. Reset value depends on reset source. External reset shown. 
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SI 



16.4.3 . CPR Sub-block partition 



xtaOn < 



tesuenable * 



Ctodc Genemtor 



Crystal 
Oscillator 






p 


PLL 







Jc(K_er«bie 



.fnod»4- 



reset_n - 
usb_cpf_r«set.n - 
isi.€pr_reset_r« - 
tim.cpr_reseOi - 



dkioe 



dkaao 



Ctlc48 



dklGO 



Gate Enat)le 
Logic 



Oattt.dam 



testjBnabto- 



Reset 
Logic 



7' 




docflc 



usbdk 



pcOC8ectfon[0] 
pdk^sectlonCt! 



Configuration registers 
AAA 



^'3 



OS. 

§ 



32 



32 



4 ▲ 

/'2 



§ 



1 

eo 



— ►! Reset 

^dom(01 



pWclh ^ 

reset_dom[1] ^ 



reset,<tom[2} 



pctK_sectton(OI— ► 
reset^dofTi(3l ^ 



pdK^section(l}— ► 
reset^domf41 ^ 



pdk_section(2J ^ 

feset_domf51 



idk ^ 




Clock driver 



CPU 



Figure 54. CPR block partition 
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16.4.4 Sync reset 



The reset synchronizer retimes an asynchronous reset signal to the clock domain that it resets. The circuit 
prevents the inactive edge of reset occurring when the clock is rising 



pdkf 
reset_dofn 



I 



prst^n 



1 



reset^dom - 



aynchfonlzgr 



E 



T 



Figure 55. Reset synchronizer logic 



1 6.4.5 Reset generator logic 



The reset generator logic is used to determine which clock domains should be reset, based on configured 
reset values (reset^ection^n), the external reset (reset^n), watchdog timer leset {tim_(cpr_reset_n) and 
resets from the SCB block (£yt_cpr,rejelL/i, usbjcpr^j-eset_n). The reset direct from the lO pin (reset^n) is 
synchronized and de-glitched before feeding the reset logic. 

Resets from the SCB block reset everything except its own section (section 2), this allows data to be stoied 
in the PSS block for use after a SCB powerup initiated reset 

Table 56. Reset domains 



reseLck>m[0) 


doclk domain 


reset.dofn(l] 


phldk domefn 


re8et_doin(2] 


usbcflc domafn 


reset.dom(3] 


Section 0 pdk domain 


reset_ctOfn[4] 


Section 1 pcfK <tomaln 


reseUdom[5] 


Sectton 2 pdk domain 




jdk domain 



The logic is given by 

if (reset_n == 0) then 
re6et:_doxn(6 :0] « 0x00 
reset_src(3:0J = 0x01 

elsif <u8b_c:pr_r©set_n 0) 
reset_dom(6:0] = 0x20 
reset^srcO :0] - 0x02 

elsie (isi_cpr_reset_n «« 0) 
reset_doxB(6:0] = 0x20 
reset_src(3 :0) => 0x04 

elsif (tiaK_cpr_reset_n =•= 0) 
reset_dam[6:0] s 0x00 
resec.src[3 :01 = 0x08 



// resec everyching 
then 

// all excepc coinms domain 
then 

// all except comms domain 



then 

// reset 



everything 
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J3 



else 

/ / propagate resets from reset section register 

reset^domtS :0] s Ox3F 

if (reset_section_n (0) == 0) then 

re8et_dorat31 = 0 
if (reset_section_nri) == 0) then 

reset^domf 4 J = 0 
if (reset_section_n(2) == 0) then 

reset_dom[5] « 0 



1 6.4.6 Gate enable logic 

The gate enable logic is a combinational logic block used to generate gating signals for each of SoPECs 
clock domains. The gate enable (gate_domain) is generated based on the configured sleep_mode_en and 
the internally generated Jclk_enable signal. 

The logic is given by 

// clock gating for sleep modes 
gate_doin[5:3) = 0x7 // default to on 
for (i=0 ;i < 3 ; i++) ( 

if (sleep.jxi6de_en(i] == l) then 
gate_dom(i'*-3] = 0 
pwr_sleep_inode[i) == 1 

) 

// jclk and remaining 
gate_domC2 :0] « 0x7 
gat€_doin{6] = *( jclk_enable) 



1 6.4.7 Clock gate log Ic 



The clock gate logic is used to safely gate clocks without generating any glitches on the gated clock. When 
the enable is high the clock is active otherwrise the clock is gated 



src.dk I 
gate^dom 
gatejclom_retimed~ 



J L 



gate.dock 



gate.dofn- 



8rc_clk- 



gate.dom_retimed 



»>gate_clock 



Figure 56. Clock gate logic diagram 



Doc: SoPEC^hardware.design 
Version: 2.3 



S3 Proprietary Document 



2a Nov 2002 
Page 174 



SoPEC : Hardware Design 



16.4.8 Clock generator Logic 

The clock generator block contains the PLL. crystal oscillator, clock dividers and associated control and 
. test logic. The PLL VCO frequency is at 960Mhz locked to a 32 Mhz refclk generated by the crystal oscil- 
lator. In test mode the xtaiin signal can be driven directly by the test clock generator, the test clock will be 
reflected on the refclk signal to the PLL. 



xtaiin — 
xtaJout 



Crystal 
OscllJator 



refdk 



pU_range_b - 
pILmuHplier • 
pILtune - 



prst_n- 



PLL 



P".OMtt? 



pn lock 



▼ 



p^Loyia 



plLoutc 



Clock 
Divider A 



Clock 
Divider B 



► cJk320 
►dkieo 
»clk106 



^dk48 



Figure 57. PLL and Clock divider logic 



16.4.8.1 dock divider A 

The clock divider A block generate the 320Mh2, 160Mh2 and 106Mh2 clocks from the input 320Mhz 
clock (pli^outb) generated by the PLL. The divider flips flops are asynchronously reset by the prst^n sig- 
nal. The divders are enabled only when the PLL has acquired lock as indicated by the piijock signal. 

16.4.8.2 dock divider B 

The clock divider B block generate the 48Mhz clock from the input 96Mhz clock (pii^outa) generated by 
the PLL. The divider flips flops are asynchrously reset by the prsr_n signal. The divders are enabled only 
when the PLL has acquired lock as indicated by the pUJocic signal. 
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17 ROM Block 



17.1 Overview 

The ROM block interfeces to the CPU bus and contains the SoPEC boot code. The ROM block consists of 
the CPU bus interface, the ROM macro and the ChipID macro. The current ROM size is 16 KBytes imple- 
mented as a 4096 x32 macro. Access to the ROM is not cached because the CPU enjoys fest (no more than 
one cycle slower than a cache access), unarbitrated access to the ROM. 

Each SoPEC device is required to have a unique ChipID which is set by blowing fuses at manufacture. 
IBM*s 300mra ECID macro is to be used to implement the ChipID and this offers 112-bits of laser fuses. 
The exact number of fuse bits to be used for the ChipID will be determined later but all bits are made 
available to the CPU. The ECID macro allows all 1 12 bits to be read out in parallel and the ROM block 
will make all 1 12 bits available in the FuseChipID[Nl registers which are readable by the CPU in supervi- 
sor mode only. 

17.2 Boot operation 

The are two boot scenarios for the SoPEC device namely after power-on and after being awoken from 
sleep mode. When the device is in sleep mode it is hoped that power will actually be removed from the 
DRAM, CPU and most other peripherals and so the program code will need to be fteshly downloaded each 
time the device wakes up from sleep mode. In order to reduce the wakeup boot time (and hence the per- 
ceived print latency) certain data items are stored in the PSS block (see section 18). These data items 
include the SHA-1 hash digest expected for the program(s) to be downloaded, the master/slave SoPEC id 
and some configuration parameters (cxurently TBD). All of these data items are stored in the PSS by the 
CPU prior to entering sleep mode. The SHA-1 value stored in the PSS is calculated by the CPU by 
decrypting the signature of the downloaded program using the appropriate public key stored in ROM. This 
compute intensive decryption only needs to take place once as part of the power-on boot sequence - subse- 
quent wakeup boot sequences will simply use the resulting SHA-1 digest stored in the PSS. Note that the 
digest only needs to be stored in the PSS before entering sleep mode and the PSS can be used for tempo- 
rary storage of any data at all other times. 

The CPU is expected to be in supervisor mode for the entire boot sequence described by the pseudocode 
below. Note that the boot sequence has not been finalised but is expected to be close to the following: 

If (ResetSrc == 1) then // Reset was a power-on reset' 

configiure.aopec // need to configure peris (USB, ISI, VMA, ICU etc.) 
// otherwise reset was a wakeup reset so peris etc. were already configured 
PAUSE: wait until ZrqSemaphore !■ 0 // i.e. wait until an interrupt has been serviced 
if ( XrqSetnaphore DMAChanOMsg) then 

parsejnsg(DMAChanOMsgPtr) // this routine will parse the message and take any 

// necessary action e.g. programming the nMAChannell registers 
elaif (IrqSeznaphore DMAChanlMsg) then // program has been downloaded 

CalculatedHash = gen_shal (ProgramLocn. ProgramSize) 

if (ResetSrc == 1) then 

ExpectedHash = s ig_de crypt (Programs ig) 

else 

ExpectedHash = PSSHash 
if (ExpectedHash == CalculatedHash) then 

jmp (PrgramLocn) // transfer control to the downloaded program 
else 

send_hoGC_msg ("Program Authentication Failed') 
goto PAUSE: 

elsif (IrqSemaphore timeout) then // nothing has happened 
if (ResetSrc 1) then 
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slGep_inode() // put SoPEC into sleep mode to be woken up by USB/ISI activity 
else //we were woken up but nothing happened 
reset^sopec ( PowerOnReset ) 

else 

goto PAUSE 

The boot code places no restrictions on the activity of any programs downloaded and authenticated by it 
other tl^ those imposed by the configuration of the MMU i.e. the principal function of the boot code is to 
authenticate that any programs downloaded by it are from a trusted source. It is the responsibility of the 
downloaded program to ensure that any code it downloads is also authenticated and that the system 
remains secure. The downloaded program code is also responsible for setting the SoPEC ISIId (see section 
12.7 for a description of the ISnd) in a multi -SoPEC system. Sec the "SoPEC Security Overview" docu- 
ment [9] for more details of the SoPEC security features. 

17.3 Implementation 

1 7.3.1 Definitions of I/O 



Table 57. ROM Block I/O 





ilS 






Clocks and Resets 


prsun 


1 


In 


Global reset. Synchronous to pdk, active low. 


pdk 


1 


In 


Global dock 


CPU Interface 


cpu^adft15:2] 


14 


In 


CPU address bus. Only 14 bits are required to decode the address 
space for this block. 


ronri_cpu_datal31 :0] 


32 


Out 


Read data bus to the CPU 


cpu^fwn 


1 


(n 


Common read/not-write signal from the CPU 


cpu_acbde(1:0] 


2 


In 


CPU Access Code signals. These decode as Ibllows: 

00 • User program access 

01 • User data access 

1 0 - Supervisor program access 

1 1 • Supervisor data access 


cpu_rom_seI 


1 


to 


Block select from the CPU. When cp6Lmm_se/is high c/yu^adna 
valkl 


rom_cpu_rdy 


1 


Out 


Ready signal to the CPU. When roni^cpu^fxtyls high ft Indk;ates 
the last cyde of the access. For a read cyde this means the data on 
rom^cpu_data is valid. 


rom_cpu_berr 


1 


Out 


ROM bus error signal to the CPU indk^iting an invalid access. 



17.3.2 Configuration registers 

The ROM block will only allow read accesses to the FuseChipID registers with supervisor data space per- 
missions (i.e. cpu_acode[l:0] = 1 1). All other accesses of the FuseChipID registers will result in 
rom_cpuJ}€rr being asserted. The ROM block allows all read accesses to the ROM itself (i.e supervisor or 
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user, data or program accesses). The CPU subsystem bus slave interface is described in more detail in sec- 
tion 9.4.3. 



Table 58. ROM Block Register Map 







B 


m 




0x8000 to 
0x8004 


FuseChiplD[N] 


32 


n/a 


Value of corresponding liise bits. (Read only) 



17.3.3 Sub-Block Partition 



IBM oflfer two variants of their ROM macros; A high perfonnance version (ROMHD) and a low power 
version (ROMLD). It is likely that the low power version will be used unless some implementation issue 
requires the high performance version. Both versions offer the same bit density. The sub-block partition 
diagram below does not include the clocking and test signals for the ROM or ECID macros. The CPU sub- 
system bus interface is described in more detail in section 1 1 .4.3. 



ROM Macro 
4096x32 



rom_adr 



rom.data 



IBM 300mm ECID macro 

r — — — — — — — — — 



FUSEOOt 
^ 

It 
h 

Fuscin 



fuse_^data 



fuse,regL_adr 



CPU Bus 
Interface 



4- 
















► 




► 



cpu_aclr 

rom_cpu_data 
cpu_rom_sel 
cpu_fwn 
rom_cpu_rdy 
cpu.acode 
ronrL.cpu_berr 



Figure 58. Sub-block partition of the ROM block 

17.3.4 Sub-block sfgnal definition 

Table 59. ROM Block Internal signals 









Clocks and Resets 


pr8t.n 1 1 


1 Global reset Synchronous to pdk, active low. 
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Table 59. ROM Block Internal signals 



pdk 




Global dock 


Internal Signals 


rom.adrtt 1 lO] 


12 


ROM address bus 


ro(p_6el 


1 


Select signal to the ROM macro instiucting it to access the location 
at rom_adr 


rom_oe 


1 


Output enabfe signal to the ROM block 


rofn_data{31:0] 


32 


Data bus from the ROM macro to the CPU bus interface 


rom^dvalld 


1 


Signal from the ROM macro Indicating that the data on romjsSata is 
valid for the address on rom^adr 


fuse_data{3i :0) 


32 


Data from the FuseC/i/p/Qfry/ register addressed by fusB_fBg^adr 


fuse_refl_adr(1 .*0] 


2 


Indicates which of the FuseCNpID resistors is being addressed 
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1 8 Power Safe Storage (PSS) Block 

18.1 Overview 

The PSS block provides 1 28 bytes of storage space that will maintain its state when the rest of the SoPEC 
device is in sleep mode. The PSS is expected to be used primarily for the storage of decrypted signatures 
associated with downloaded programmed code but it can also be used to store any information that needs 
to survive sleep mode (e.g. configuration details). Note that the signature digest only needs to be stored in 
the PSS before entering sleep mode and the PSS can be used for temporazy storage of any data at all other 
times. 

Prior to entering sleep mode the CPU should store all of the information it will need on exiting sleep mode 
in the PSS. On emerging from sleep mode the boot code in ROM will read the ResetSrc register in the CPR 
block to determine which reset source caused the wakeup. The reset source information indicates whether 
or not the PSS contains valid stored data, and the PSS data determines the type of boot sequence to exe- 
cute. If for any reason a full power-on boot sequence should be performed (e.g. the printer driver has been 
updated) then this is simply achieved by initiating a full software reset. 

1 8.2 Implementation 

The storage area of the PSS block will be implemented as a 128-byte register array. The array is located 
from PSS_base through to PSSJ>ase+0x7F in the address map. The PSS block will only allow read or 
write accesses with supervisor data space permissions (i.e. cpu__acode[l:OJ = 1 1). All other accesses will 
result in pss_cpujberr being asserted The CPU subsystem bus slave interface is described in more detail 
in section 11.4.3. 
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1 8.2.1 Definitions of I/O 



Table 60. PSS Bfock I/O 







mm. 




Clocks and Resets 


prst-fi 


1 


In 


Global reset. Synchronous to pdk, active low. 


pdK 


1 


In 


Global dock 


CPU Interface 


cpu_adc(62] 


5 


in 


CPU address bus. Only 5 bits are required to decode the address 
space for this block. 


cpu_dataout[31:0] 


32 


In 


Shared %vrite data bus from the CPU 


pss_cpu_data(31 :0] 


32 


Out 


Read data bus to the CPU 


cpu_rwn 


1 


In 


Common read/not-wrlte signal from the CPU 


cpu_acocfe(1.'0] 


2 


In 


CPU Access Code signals. These decode as.tolkiws: 

00 - User program access 

01 - User data access 

10 • Supervisor program access 

1 1 - Supervisor data access 


cpu_j}ss_8er 


1 


In 


Block select from the CPU. When cpu^pss^se/is high both cpu_adr 
and cp^_d!aiSaoi/f are valid 


pss_cpu_rdy 


1 


Out 


Ready signal to the CPU. When pss_cpu_fxfy is high it indicates the 
last cycle of the access. For a read cyde this means the data on 
pss^cpu_data is vafid. 


pss_cpu_t>en' 


1 


Out 


PSS txis error signal to the CPU lndk?atlng an Invalid access. 
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19 Low Speed Serial Interface (LSS) 



19.1 Overview 



The Low Speed Serial Interfiace (LSS) provides a mechanism for the internal SoPEC CPU to communicate 
with external QA chips via two independent LSS buses. The LSS communicates through the GPIO block 
to the QA chips. This allows the QA chip pins to be reused in multi-SoPEC environments. The LSS Mas- 
ter system-level interface is illustrated in Figure 59. Note that multiple QA chips are allowed on each LSS 
bus. 

CPU sub-system txis 



CPU 



LSS Master 



SoPEC 

LSS bus 0 



GPIO 



QA Chip 0 



QA Chip 1 



LSS tus^ 



QAChip2 



QAChlpa 



Figure 59. LSS master system-level interface 



19.2 QA COMMUNICATION 



The SoPEC data interface to the QA Chips is a low speed, 2 pin, synchronous serial bus. Data is trans- 
ferred to the QA chips via the bs^data pin synchronously with tiie Iss^clk pin. When the iss^clk is high the 
data on lss_dcua is deemed to be valid. Only the LSS master in SoPEC can drive the lss_plk pin, this pin is 
an input only to the QA chips. The LSS block must be able to interface with an open-collector pull-up bus. 
This means that when the LSS block should transmit a logical zero it will drive 0 on the bus, but when it 
should transmit a logical 1 it will leave high-impedance on the bus (i.e. it doesn't drive the bus). If all the 
agents on the LSS bus adhere to this protocol then there will be no issues with bus contention. 

The LSS block controls all communication to and from the QA chips. The LSS block is the bus master in 
all cases. The LSS block interprets a command register set by the SoPEC CPU, initiates transactions to the 
QA chip in question and optionally accepts return data. Any return information is presented through the 
configuration registers to the SoPEC CPU. The LSS block indicates to the CPU the completion of a com- 
mand or the occurrence of an error via an interrupt. 



19.2.1 Start and stop conditions 



All transmissions on the LSS bus are initiated by the LSS master issuing a START condition and termi- 
nated by the LSS master issuing a STOP condition. START and STOP conditions are always generated by 
the LSS master. As illustrated in Figure 60, a START condition corresponds to a high to low transition on 
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Issjdata while Issjclk is high. A STOP condition corresponds to a low to high transition on bsjiata while 
lss_f:lk is high. 



iss.daca 



Iss.clk 




Rgure 60. START and STOP conditions 



19.2.2 Data transfer 



Data is transferred on the LSS bus via a byte orientated protocol. Bytes are transmitted serially. Each byte 
is sent most significant bit (MSB) first through to least significant bit (LSB) last. One clock pulse is gener- 
ated for each data bit transferred Each byte must be followed by an acknowledge bit 

The data on the issjdata must be stable during the HIGH period of the Iss^clk clock. Data may only 
change when iss^cIk is low, A transmitter outputs data after the falling edge of Issjclk and a receiver inputs 
the data at the rising edge of lss_clk. This data is only considered as a valid data bit at the next lss_clk fall- 
ing edge provided a START or STOP is not detected in die period before the next bsjclk falling edge. All 
clock pulses are generated by the LSS block. The transmitter releases the Issjdata line (high) during the 
acknowledge clock pulse (ninth clock pulse). The receiver must pull down the issjdata line during the 
acknowledge clock pulse so that it remains stable low during the HIGH period of this clock pulse. 

Data transfers follow the format shown in Figure 61. The first byte sent by the LSS master after a START 
condition is a primary id byte, where bits 7-2 form a 6-bit primaxy id (0 is a global id and will address all 
QA Chips on a particular LSS bus), bit 1 is an even parity bit for the primary id, and bit 0 fonns the read/ 
write sense. Bit 0 is high if the following conunand is a read to the primary id given or low for a write 
command to that id. An acknowledge is generated by the QA chip(s) corresponding to the given id (if such 
a chip exists) by driving the Issjdata line low synchronous with the LSS master generated ninth Iss^clk, 



lss_daU rit37-l")[ bttO \ Ack / \bite7l] ( bitO \ Ack f ^tsf- ^ bitO )[ Nack \ \ f \ 

iss_cuc tiif^'AJAj^^-^u^ 



-J I II I L. 



CTART IDbytt(7:ll R/W ACK E3ATA ACK DATA 

Rgure 61. LSS transfer of 2 data bytes 



ACK STOP 



19.2.3 Write procedure 



The protocol for a write access to a QA Chip over the LSS bus is illustrated in Figure 63 below. The LSS 
master in SoPEC initiates the transaction by generating a START condition on the LSS bus. It then trans- 



Ooc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 183 



SoPEC : Hardware Design 



mits the primaiy id byte with a 0 in bit 0 to indicate that the following command is a write to the primaiy 
id An acknowledge is generated by the QA chip corresponding to the given primary id The LSS master 
will clock out M data bytes with the slave QA Chip acknowledging each successful byte written. Once the 
slave QA chip has acknowledged the data byte the LSS master issues a STOP condition to complete 
the transfer. The QA chip gathers the M data bytes together and interprets them as a command See QA 
Chip Interface Specification for more details on the format of the commands used to conununicate with 
the QA chip[8]. Note that the QA chip is free to'not acknowledge any byte transmitted. The LSS master 
should respond by issuing an interrupt to the CPU to indicate this enor. The CPU should then generate a 
STOP condition on the LSS bus to gracefully complete the transaction on the LSS bus. 



ByieO 



Bye M-1 Byte M 



s 


IDbycen:!) 


0 


*' * 


t)ata(8) 













Daa(8) 



S Stan condition 
A = Ack 
N = Nack 
P = Stop coodition 
Shaded bits driven by slave 



Figure 62. Example of LSS write to a QA Chip 



19.2.4 Read procedure 

The LSS master in SoPEC initiates the transaction by generating a START condition on the LSS bus. It 
then transmits the primary id byte with a I in bit 0 to indicate that the following command is a read to the 
primary id. An acknowledge is generated by the QA chip corresponding to the given primary id. The LSS 
master releases the Issjiata bus and proceeds to clock the expected number of bytes from the QA chip 
with the LSS master acknowledging each successful byte read. The last expected byte is not acknowledged 
by the LSS master. It then completes the transaction by generating a STOP condition on the LSS bus. See 
QA Chip Interface Specification for more details on the format of the commands used to communicate 
with the QA chip[8). 




ByteM 











N 


P 



S = Stan condicioa 
A^Ack 
NsNack 
P = Stop coodition 
Shaded bits driven by slave 



Figure 63. Example of LSS read from QA Chip 
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1 9.3 Implementation 

A block diagram of the LSS master is given in Figure 64. It consists of a block of configuration registers 
that are programmed by the CPU and two identical LSS master units that generate the signalling protocols 
on the two LSS buses as well as interrupts to the CPU. The CPU initiates and terminates transactions on 
the LSS buses by writing an appropriate command to the command register, writes bytes to be transmitted 
I to a fifo and reads bytes received from a fifo, and checks the sources of interrupts by reading status regis- 

ters. 



CPU 



Low Speed Serial 
Interface 



^ ^ ^ ^ ^ 



AAA 



configuration registers 



5x32 
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Jjfs .'32 



! 1 



LSS bus 0 
master unit 



1 
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/'22 



a 
f 



"3 /a 



8 



I 



5X32 



LSS bus 1 
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y 1 



3" 



GPtO 



iCU 



Figure 64. LSS block diagram 
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19.3.1 Definitions of lO 



Table 61 . LSS lO pins definitions 











Clocks and Resets 


pdk 


1 


In 


System Clock 


prst_n 


1 


In 


System reset, synchronous active k3w 


CPU Interface 


cpu_rwn 


1 


In 


Common read/not-write signal from the CPU 


cpu_a<Jr(7:2] 


5 


In 


CPU address tMJS. Only 6 bits are required to decode the 
address space for this block 


cpu_dataout[3 1 :0] 


32 


In 


Shared write data bus from the CPU 


cpu_acode[1:0] 


2 


In 


CPU access code signals. 

cpu_acode[0] - Program (0) / Data (1) access 

cpu_acode{1 j - User (0) / Supervisor (1) access 


cpu.lss.sel 


1 


In 


Btock select from the CPU. When cpu_lss^sel Is high both 
cpu.adrand cpu_dataout ese valid 


lss_cpu_ftly 


1 


Out 


Ready signal to the CPU. When lss^cpu_fdyls high it indicates 
the last cyde of ihe access. F6r a write cycle ttiis means 
cpu.dataoiif has been registered by the LSS block and for a 
read cyde this means the data on iss^opu^data is valid. 


ls3_cpu_berr 


1 


Out 


LSS bus error signal to the CPU. 


l8s.cpu_datB[31 :0] 


32 


Out 


Head data bus to the CPU 


lss_cpu_del)ufl_valtd 


1 


Out 


Active high. Indicates the presence of valkj debug data on 

iss_cpu_j(iata. 


GPIO for LSS busea 


lss_opiojdo(1 .0) 


2 


Out 


LSS bus data output 

Bit 0- LSS bus 0 

Bit 1 • LSS bus 1 . 


gpioJss_di[1 :0] 


2 


In 


LSS bus data input 
BrtO-LSSbusO 
Bit 1 « LSS bus 1 


ts$^lo_e(1:0] 


2 


Out 


LSS bus data output enable, activa high 
Bit 0 < LSS bus 0 
Bit 1 - LSS bus 1 


ls$_^pio.clk[1:0] 


2 


Out 


LSS bus dock output 
BttO-LSS busO 
Bit 1 - LSS bus 1 


tCU Interface 


lss_icujfq[1:0) 


2 


Out 


LSS interrupt requests 

Bit 0 - Interrupt assodated with LSS bus 0 

Bit 1 - Interrupt associated with LSS bus 1 
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19.3.2 Configuration registers 

The configuration registers in the LSS block are programmed via the CPU interface. Refer to section 1 1.4 
on page 69 for the description of the protocol and timing diagrams for reading and writing registers in the 
LSS block. Note that since addresses in SoPEC are byte aligned and the CPU only supports 32-bit register 
reads and writes, the lower 2 bits of the CPU address bus are not required to decode the address space for 
the LSS block. Table 62 lists the configuration registers in the LSS block. When reading a register that is 
less than 32 bits wide zeros should be returned on the upper unused bit(s) of Iss^cpu^data. 

The input cpu^acode signal indicates whether the current CPU access is supervisor, user, program or data. 
The configuration registers in the LSS block can only be read or written by a supervisor data access, i.e. 
when cpujcu:ode equals bl 1. If the current access is a supervisor data access then the LSS responds by 
asserting lss_cpu_rdy for a single clock cycle. 

If the current access is anything other than a supervisor data access, then the LSS generates a bus error by 
asserting Issjzpujyerr for a single clock cycle instead of lss_cpu_rdy as shown in section 11. 4 on page 69. 
A write access will be ignored* and a read access will return zero. 



Table 62. LSS Control Registers 











Control regtsters 


OjcOO 


Reset 


1 


0x1 


A write to this register causes a reset of the LSS. 


0x04 


LssClockHighP&rfod 


16 


0x0008 


High period of /ss_c/^ expressed as a number of pc^ 
cycles. Transmission over the LSS bus is at a nominal 
rate of 400kHz, corresponding to a high period of 200 
fKtk (1 60Mhz) cycles for a 50/50 duty cyde. 


0x08 


LssCtockLowPeriod 


16 


OxOOCS 


Low period of /ss^cfA^ expressed as a number of pclk 
cycles. Transmission over the LSS bus is at a nominal 
rate of 400kHz, corresponding to a low period of 200 
poflr (leOMhz) cydes for a 50^ duty cyde. 


LSS bus 0 registers 


0x10 


LssOlntStatus 


3 


0x0 


LSS txjs 0 interrupt status registers 

Bit 0 • command coorpleted suocessfuliy 

Bit 1 - ertor during processing of command, 

not -acknowledge received after transmission 

of primary id t>yte on l^S txjs 0 
Bit 2 - error during processing of commaruf. 

rtot -acknowledge received after transmission 

of data byte on LSS bus 0 
A 1 in a bit of JEssCLslia&iS.sef signal causes the corre- 
sponding bit tn LssOintStatus register to be set. 
AO the bits In LssOlntStatus are deared when the 
L^OC/nc/ register gets written to. 
(Read only register) 


0x14 


LssOCurrentState 


4 


0x0 


Gives the current state of the LSS bus 0 state 
machine. (Read only register). 
(Encoding will be specified upon state machine Imple- 
mentation) 


0x18 


LssOCmd 


22 


0x00 
.0000 


Command register defining sequence of events to 
perform on LSS bus 0 before Interrupting CPU. 
A write to this register causes ail the bits in the 
LssOfntStatus register to be deared as well as gener- 
ating a lss0^new_,cmd pulse. 
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Table 62. LSS Control Registers 





lap^ffReg^^S^B 








0xlC-0x2C 


L8s0nfb[4K)] 


5x32 


0x0000 
_0000 


LSS Data buffer. Should be filled with transmit data 
before transmit command, or read data bytes received 
after a valid read command. 


LSS bus 1 registers 


0x30 


LssllntStatus 


3 


0x0 


LSS bus 1 interrupt status registers 

Bit 0 • command completed successfully 

Bit 1 - error during processing of command, 

not -acknowledge received after transmission 

of primary id byte on LSS bus 1 
Bit 2 * error during processing of command. 

not -acknowledge received after transmlsskxi 

of data byte on LSS bus 1 
A 1 in a bit of tss1_status_S0t eigne} causes the corre- 
sponding bit in ILssf/nfStafus register to be set. 
All the bits In Lss llntstatus are cleared when the 
LsslCmd register gets written to. 
(Read only register) 


0x34 


LsslCurrentState 


4 


0x0 


Gives the current state of the LSS bus 1 state 

machine. (Read only register) 

(Encoding will be specified upon state machine Imple* 

mentation) 


0x38 


LsslCmd 


22 


Ox00_ 
0000 


Command register defining sequence of events to 
perform on LSS bus 1 before interrupting CPU. 
A write to tfiis register causes all tfie bits In the 
LsslintStatus register to be deared as well as gener- 
ating a i^s7_netv.cmd pulse. 


0x3C-0x4C 


Lss1Buffer(4:01 


5x32 


0x0000 
.0000 


LSS Data buffer. Should be filled with transmit data 
before transmit command, or read data bytes received 
after a valid read command. 


Debug registers 


OxSO 


LssDebugSel 


5 


0x00 


Selects register for detnig output. Tlvis value is used 
as the input to the register decode togic instead of 
cpu^adff6:2] when the LSS block is not being 
accessed by the CPU, I.e. when cpu_lss^sells 0. 
TTie output iss_^^debugLvaUd is asserted to Indi- 
cate that the data on iss^cpu_data Is vaikJ debug 
data. This data can be mutliplexed onto chip f^ns dur- 
ing debug mode. 



19.3.2.1 LSS command registers 

The LSS command registers define a sequence of events to perform on the respective LSS bus before issu- 
ing an interrupt to the CPU. There is a separate command register and interrupt for each LSS bus. The for- 
mat of the command is given in Table 63. The CPU writes to the conmiand register to initiate a sequence 
of events on an LSS bus. Once the sequence of events has completed or an error has occurred, an interrupt 
is sent back to the CPU. 

Some example commands are: 

• a single START condition (Start = 1 . IdByteEnable - 0. RdWrEnable = 0. Stop = 0) 

• a single STOP condition {Start = 0, IdByteEnable = 0, RdWrEnable - 0, Stop = 1) 

• a START condition follov^red by transmission of the id byte {Start = 1, IdByteEnable = I, RdWrEnable 
= 0, Stop « 0, IdByte contains primary id byte) 
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I • a write transfer of 20 bytes ftom the data buffer (Start = 0, IdByteEnable 0, RdWrEnable = 1, 

RdWrSense = 0. Stop = 0, TxRxByteCount = 20) 
I • a read transfer of 8 bytes into the data buffer (Start = 0, IdByteEnable « 0, RdWrEnable = i, 

RdWrSense = 1 , ReadNack = ft Stop = 0, TxRxByteCount = 8) 
• a cotnplete read transaction of 16 bytes (Start = 1 . IdByteEnable = 1 , RdWrEnable = 1 , RdWrSense « I . 

ReadNack = 7, Stop = 1, IdByte contains primary id byte. TxRxByteCount = 16), etc. 

The CPU can thus program the number of bytes to be transmitted or received (up to a maximum of 20) on 
the LSS bus before it gets intenupted This allows it to insert aibitrary delays in a transfer at a byte bound- 
ary. For example the CPU may want to transmit 30 bytes to a QA chip but insert a delay between the 20* 

I and 21*^ bytes sent It does this by first writing 20 bytes to the data buffer. It then writes a command to gen- 
erate a START condition, send the primary id byte and then transmit the 20 bytes from the data buffer 
When interrupted by the LSS block to indicate successful completion of the command the CPU can then 

I write the remaining 10 bytes to the data buffer. It can then wait for a defined period of time before writing 
a command to transmit the 10 bytes from the data buffer and generate a STOP condition to terminate the 
transaction over the LSS bus. 

An interrupt to the CPU is generated for one cycle when any bit in LssNJntStatus is set. The CPU can read 
LssNIntStatus to discover the source of the tnteni^)t and can clear a bit in LssNIntStatus by writing a 1 to 
the corresponding bit in LssNIntStatus register. Altexnatively the CPU can start a new conmiand which 
will automatically reset all LssNIntStatus bits. 



Table 63. LSS command register description 









0 


Start 


When 1, Issue a START condition on the LSS bus. 


1 


IdByteEnable 


ID k>yte transmit enable: 

1 • transmit byte in IdByte field 

0 - Ignore byt© In idByte field 


2 


RdWrEnable 


Read/write transfer enable: 

0 • Ignore settings of RdWrSense, ReadNack and TxRxByteCount 

1 - If RdWrSense is 0, then perform a write transfer of TxRxByteCount bytes from the 

data buffer 

If RdWrSense is 1 , then pefform a read transfer of TxRxByteCount bytes into the 
data txjffer. Each byte should be acknowledged and the last byte received is 
acknowtedged/not-^dcnowledged according to the setting of ReadNack. 


3 


RdWrSense 


Read/write sense indicatar: 
0- write 
1 - read 


4 


ReadNadc 


Indicates, for a read transfer, whether to issue an adcnowledge or a not-acknowledge 
after the last byte received (indicated by TxRxByteCount^. 
0 ' issue acknowledge after last Kiyte received 
1 • Issue not-acknowledge after last byte received. 


5 


Stop 


When 1 . Issue a STOP conditk>n on the LSS bus. 


7:6 


reserved 


Must be 0 


15:8 


IdByte 


Byte to be transmitted if IdByteEnable is 1 . Bit 8 corresponds to the I^B. 


20:16 : 


TxRxByteCount 


Number of bytes to be transmitted from the data buffer or the number of bytes to be 
received into the data txiffer. The maximum value that should be programmed is 20. as 
the size of the data tKjffer Is 20 bytes. 



The data buffer is implemented in the LSS master block. When the CPU writes to the LssNBuffer registers 
the data written is presented to the LSS master block via the IssNJtmfferjwrdata bus and configuration 
registers block pulses the lssN_buffer_wen bit corresponding to the register written. For example if LssN- 
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Buffer[2] is written to lssNJbuffer_wenf2] will be pulsed When the CPU reads the LssNBuffer registers 
the configuration registers block reflect the IssNJmffer^rdata bus back to the CPU. 

1 9.3.3 LSS master unit 

The LSS master unit is instantiated for both LSS bus 0 and LSS bus 1 . It controls transactions on the LSS 
bus by means of the state machine ishown in Figure 65, which interprets the commands that are written by 
the CPU. It also contains a single 20 byte data buffer used for transmitting and receiving data. 

The CPU can write data to be transmitted on the LSS bus by writing to the LssNBuffer registers. It can also 
read data that the LSS master unit receives on the LSS bus by reading the same registers. The LSS master 
always transmits or receives bytes to or from the data buffer in. the same order. For example a transmit 
command 

For a transmit command, LssNBuffer [0] [7 :0J gets transmitted first, then LssNBuffer [0] [15:8], LssNBuf- 
fer [0] [23: 16]. LssNBuffer[0] [31:24], UsNBuffer[l][7:0] and so on until TxRxByteCount number of 
bytes are transmitted. A receive command fills data to the buffer in the same order. Each new conunand the 
buffer start point is reset- 
All state machine outputs, flags and counters are cleared on reset After a reset the state machine remains 
in the Idle state until Iss^cmd^valid equals 1. If the Start bit of the command is 0 the state machine pro- 
ceeds directly to the CheckldByteEnable state. If the Start bit is 1 it proceeds to the GenerateStart state 
and issues a START condition on the LSS bus. 

In the ChedddByteEnable state, if the IdByteEnable bit of the command is 0 the state machine pnx:eeds 
directly to tiie CheckRdWrEnable state. If the IdByteEnable bit is 1 the state machine enters the Sendld- 
Byte state and the byte in the MByte field of the command is transmitted on the LSS. The WaitForldAck 
state is then entered. If the byte is acknowledged, the state machine proceeds to the CheckRdWrEnable 
state. If the byte is not-acknowledged, the state machine proceeds to the Generatelnterrupt state and issues 
an interrupt to indicate a not-acknowlcdge was received after transmission of the primary id byte. 

In the CheckRdWrEnable state, if the RdWrEnable bit of the conunand is 0 the state machine proceeds 
directly to the CheckStop state. If the RdWrEnable bit is 1 . count is loaded with the value of the TxRxByte- 
Count field of the command and the state machine enters either the ReceiveByte state if the RdWrSense bit 
of the command is 1 or the TransmitByte state if the RdWrSense bit is 0. 

For a write transaction, the state machine keeps transmitting bytes fix>m the data buffer, decrementing 
count after each byte transmitted, until count is 1. If all the bytes are successfiiUy transniitted the state 
machine proceeds to the CheckStop state. If the slave QA chip not-acknowledges a transmitted byte, the 
state machine indicates this error by issuing an interrupt to the CPU and then entering the Generatelnter- 
rupt state. 

For a read transaction, the state machine keeps receiving bytes into the data buffer, decrementing count 
after each byte transmitted, until count is 1. After each byte received the LSS master must issue an 
acknowledge. After the last expected byte (i.e. when count is 1) the state machine checks the ReadNack bit 
of the command to see whether it must issue an acknowledge or not-acknowledge for that byte. The 
CheckStop state is then entered. 

In the CheckStop state, if the Stop bit of the command is 0 the state machine proceeds directly to the Gen- 
eratelnterrupt state. If the Stop bit is 1 it proceeds to the GenerateStop state and issues a STOP condition 
on the LSS bus before proceeding to the Generatelnterrupt state. In both cases an interrupt is issued to 
indicate successful completion of the command. 

The state machine then enters the Idle state to await the next coimnazid. 

The CPU may abort the current transfer at any time by performing a write to the Reset register of the LSS 
block. 
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19.3.3. 1 START and STOP generation 

START and STOP conditions, which signal the beginning and end of data transmission, occur when the 
LSS master generates a falling and rising edge respectively on the data while the clock is high. 

In the GenerateStart state, bs^gpio^clk is held high vdth bs ^^ioje remaining deasserted (so the data line 
is pulled high externally) for LssClockHighPeriod pclk cycles. Then Iss _gpiojs is asserted and 
lss_gpiojdo is pulled low (to drive a 0 on the data line, creating a falling edge) with Iss ^iojclk remain- 
ing high for another LssClockHighPeriod pclk cycles. 

In the GenerateStop state, both lss^_gpio_clk and lss_gpio_do are pulled low followed by the assertion of 
lss_gpio^e to drive a 0 while the clock is low. After LssClockLowPeriod pclk cycles, Iss^gpio^clk is set 
high. After a further LssClockHighPeriod pclk cycles, lss^^io_e is deasserted to release the data bus and 
create a rising edge on the data bus during the high period of the clock. 

f9«3.3.2 dock pulse generation 

The LSS master holds lss_^io_clk high while the LSS bus is inactive. A clock pulse is generated for each 
bit transmitted or received over the LSS bus. It is generated by first holding iss^gpio_clk low for LssCiock- 
LowPeriod pclk cycles, and then high for LssClockHighPeriod pclk cycles. 

19.3.3.3 Data reception 

The input data, gpio_lss_di, is first synchronised to the pclk domain by means of two fiip>fiops clocked by 
pclL The LSS master generates a clock pulse for each bit received. The output iss _gpio^e is deasserted on 
the falling edge of iss_gpiojclk to release the data bus. The value on the synchronised gpio^lss^di is sam- 
pled on the rising edge of Iss ^,gpio_clk (the data should be averaged over a fiixther 3 stage register to avoid 
possible glitch detection). The data is only considered as a valid bit at the next falling edge of Iss^gpio^clk 
provided a START or STOP is not generated in the meantime. 

In the ReceiveByte state, the state machine generates 8 clock pulses. On each rising edge of Iss _gpio_clk 
the synchronised gpiojss^di is sampled. The first bit sampled is LssNBv^erfOJf?]^ the second LssNBuf- 
fer[0][6J^ etc to LssNBujferlO][0]. For each byte received the state machine either sends an NAX or an 
ACK depending on the conmiand configuration and the number of bytes received. 

In the SendNack state the state machine generates a single clock pulse. bs_gpio^e is deasserted and the 
LSS data line is pulled high externally to issue a not-acknowledge. 

In the SendAck state the state machine generates a single clock pulse. Iss _gpio^e is asserted and a 0 driven 
on iss^gpio^do after Iss^gpio^clk falling edge to issue an acknowledge. 

19.3.3.4 Data transmission 

The LSS master generates a clock pulse for each bit transmitted Data is output on the LSS bus on the fall* 
ing edge of lss_gpio^clk. 

When the LSS master drives a logical zero on the bus it will assert bs _gpio_e and drive 0 on bs .^io^do 
after bs^gpiojclk felling edge, bs^gpio^e will remain asserted and bs_gpiojdo will remain low until the 
next lss_clk falling edge. 

When the LSS master drives a logical one bs^^io^e should be deasserted at bs^io^clk falling edge and 
remain deasserted at least until the next bs^io_clk falling edge. This is because the LSS bus will be 
externally pulled up to logical one via a pull-up resistor. 

In the Sendid byte state, the state machine generates 8 clock pulses to transmit the byte in the IdByte field 
of the current valid conmiand. On each failing edge of bs ^^io^clk a bit is driven on the data bus as out- 
lined above. On the first falling edge IdBytef7J is driven on the data bus, on the second falling edge 
ldByte[6] is driven out, etc. 
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In the TransmitByte state, the state machine generates 8 clock pulses to transmit the byte at the output of 
the transmit FIFO. On each falling edge of Iss^iojclk a bit is driven on the data bus as outlined above. 
On the first falling edge LssNBuffer[0] P] is driven on the data bus, on the second falling edge LssNBuf- 
fer[0][6] is driven out, etc on to LssNBuffer[0J[7] bits. 

In the WaitForAck state, the state machine generates a single clock pulse. On the rising edge of 
lss_gpio^clk the synchronized gpioJss_di is sampled. A 1 indicates an acknowledge and ackjdetect is 
pulsed, a 0 indicates a not-acknowledge and nackjietect is pulsed. 

19,3.3.5 Data rate control 

The CPU can control the data rate by setting the clock period of the LSS bus clock by programming appro- 
priate values in LssClockHighPeriod and LssClockLowPeriod, The default setting for both registers is 200 
(pclk cycles) which corresponds to transmission rate of 400kHz on the LSS bus. 
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State machine outputs, iss icu Jrq and 
LssStatusSet are zero unless otherwise 
indicated. 



flflsetORpfst n«p 

1 




Figure 65. LSS master state machine 
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J3 



DRAM Subsystem 
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20 DRAM Interface Unit (DIU) 

20.1 Overview 

Figure 66 shows how the DIU provides the interface between the on-chip 20 Mbit embedded DRAM and 
the rest of SoPEC. In addition to outlining the functionality of the DIU, this chapter provides a top-level 
overview of the memoiy storage and access patterns of SoPEC and the buffering required in the various 
SoPEC bloclcs to support those access requirements. 

The main functionality of the DIU is to arbitrate between requests for access to the embedded DRAM and 
provide read or write accesses to the requesters. The DIU must also implement the initialisation sequence 
and refresh logic for the embedded DRAM. 

The arbitration mechanism is a hierarchical timeslot mechanism providing guaranteed bandwidth and 
latency to each DIU requester, with unused slots re-allocated to provide best effort accesses. The arbitra- 
• tion scheme is fully programmable. 

The interface between the DIU and the SoPEC requesters is similar to the interface on FECI i.e. separate 
control^ read data and write data busses. 

The embedded DRAM is used principally to store: 

« CPU program code and data. 

• PEP (re)progranuning commands. 

• Compressed pages containing contone, bi-level and raw tag data and header infomiation. 

• Decompressed contone and bi-level data. 

• Dotline store during a print. 

• Print setup information such as tag format structures, dither matrices and dead nozzle information. 
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Figure 66. SoPEC System Top Level partition 
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20.2 IBM Cu-1 1 Embedded DRAM 

20.2.1 Single bank 

SoPEC will use the 1.5 V core voltage option in IBM's 0. 13 class Cu-1 1 process. 



The random read/write cycle time and the refresh cycle time is 3 cycles at 160 MHz [16]. An open page 
access will complete in 1 cycle if the page mode select signal is clocked at 320 MHz or 2 cycles if the page 
mode select signal is clocked eveiy 160 MHz cycle. The page mode select signal will be clocked at 320 
MHz in SoPEC. The DRAM word size is 256 bits. 

Most SoPEC requesters will make single 256 bit DRAM accesses (see Section 20.4). These accesses will 
take 3 cycles as they are random accesses i.e. they will most likely be to a different memoiy row than the 
previous access. 

The entire 20 Mbit DRAM will be implemented as a single memoiy bank. In Cu-1 1 » the maximum single 
instance size is 16 Mbit The first I Mbit tile of each instance contains an area overhead so the cheapest 
solution in terms of area is to have only 2 instances. 16 Mbit and 4Mbit instances would together consume 
an area of 14.63 nun^ as would 2 times 10 Mbit instances. 4 times 5 Mbit instances would require 17.2 
mm^. 

The instance size will determine the frequency of refresh. Each refresh requires 3 clock ^cles. In Cu-1 1 
each row consists of 8 columns of 256-bit words. This means that 16 Mbit requires 8192 rows. A complete 
DRAM refresh is required every 3.2 ms. This would mean a row would have to be refreshed every 62 
cycles. Two times 10 Mbit instances would require a refresh every 100 clock cycles, if the instances are 
refreshed in parallel. Having 4 times 5 Mbit instances means a refresh is required only every 200 cycles. 

The SoPEC DRAM will be constructed as two 10 Mbit instances implemented as a single memory bank. 
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20.3 SoPEC Memory Usage Requirements 

The memoiy usage requirements for the embedded DRAM are shown in Table 64. 



Table 64. Memory Usage Requirements 







compressed page store 


2048Kt>ytes 


Compressed data page store for BI4evel 
and contone data 


Decompressed Contone 
Store 


108 Kbyte 


1 3824 lines with scale factor 6 = 2304 pixels, 
store 12 lines. 4 colors = 108 kB 
13824 lines with scale factor S « 2765 pixels, 
store 12 lines. 4 cotors = 130 kB 




9.1 iNDyte 


13824 dots/line so 3 tines is 5.1 kB 


Tag Format Structure 


55 Kt>yte (384 dot line tags O 
1600 dpi) 

12 Ktiyte (2.5 mm tags Q 800 
dpi) 


55 kB in for 384 dot line tags 

2^ mm tags (1/IOth Inch) 9 1600 dpi require 

•ou ool lines = loOr9o4 Xbb or 23 kB 

2^ mm tags O 800 dpi require 80/384 xS5 » 

12 kB 


OWier Matrix store 


4Kbytes 


64x64 dHher matrbc is 4 kB 
128x128 dither matrix Is 16 kB 
256x256 dither matrix is 64 kB 


ONC Dead Nozzle TaMe 


1.4 Kbytes 


Delta encoded. (10 bit delta position -i- 6 dead 
nozzle mask) x% Dnozzle 
5% dead nozzles requires (1046)x 692 Dnoz- 
zless 1.4 Kbytes 


Dot-fine store 


319 Kbytes 


Assume each color row is separated by 5 dot 
lines on the print head 
The dot line store will be 0^5+1 0...SO4-55 
330 half dot Unes + 48 extra half dot Hnes (4 
per dot row) = 378 half dot Rnes » 31 SKbytes 


PCU Program code 


8 Kbytes 


1024 commands of 64 bits s 8 IcB 


CPU 


64 Kbytes 


Program code and data 


TOTAL 


2570 Kbytes (12 Kbyte TPS 
storage) 

2613 Kbytes (55 Kbyte TPS) 





Note: 

• Total storage of 2570 Kbytes will be reduced to 2560 Kbytes to align to 20 Mbit DRAM. 
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20.4 SoPEC Memory Access Patterns 

Table 65 shows a summaiy of the blocks on SoPEC requiring access to the embedded DRAM and their 
individual memory access patterns. Most blodcs will access the DRAM in single 256-bit accesses. All 
accesses must be padded to 256-bits except for 64-bit CDU write accesses and CPU write accesses. Bits 
which should not be written arc masked using the individual DRAM bit write inputs or byte write inputs, 
depending on the foundry. Using single 256-bit accesses means that the buffering required in the SoPEC 
DRAM requesters will be minimized 



Table 65. Memory access patterns of SoPEC DRAM Requesters 









CPU 


R 


Sinfllo 256-brt reads. 


W 


Singte 32-btt, or 6-bit writes. 




W 


bingia zao-ott wrties. 


\AJ\J 


H 


Single 2S6-bit reads of the compressed oontone data. 


W 


Each CDU access is a write to 4 consecutive DRAM words In the same row 
but only 64 bits of each word are written with the renuOnlng bits write 
nuisked. 

The access tifTie for this 4 word page mode burst is 3 4-1 -i-l -i-l =6cycCes 
If the page mode select slgnaJ fs clocked at 320 MHz. 


CFU 


R 


Singte 256 bit reads. 


LBO 


R 


Single 256 bit reads. 


SFU 




oeparaie singpe zoo on reads lor previous and current line but snaring the 
same OIU interface 


W 


Single 256 bit writes. 


TECTD) 


R 


Single 256 bit reads. Each read retums 2 times 128 bft tags. 


TE(TFS) 


R 


Single 256 bit reads. TFS is 1 36 bytes. This means there Is unused data in 
the fifth 256 bit read. A total of 5 reads is required. 


HCU 


R 


^ngle 256 bit reads. 128 x 128 dither matrix requires 4 reads per line with 
doutdte buffering. 256 x 256 dither matrix requires 8 reads at the end of the 
line with single buffering. 

Dither matrices have start address, end address and line advance incre- 
n>ent 


ONC 


R 


Single 256 bit dead nozzle table reads. Each dead nozzle tat)le read con- 
tains 16 dead-nozzle tables entries each of 1 0 delta bits plus 6 dead nozzle 
mask bits. 


OWU 


W 


Single 256 bit writes since enable/disable DRAM access per color plane. 


LLU 


R 


Single 256 bit reads since enable/disable DRAM access per color plane. 


PCU 


R 


Single 256 bit reads. Each PCU command is 64 Mts SO each 256 bit word 
can contain 4 PCU commands. 

PCU reads from DRAM used for reprogramming PEP should be executed 
with minimum latency. 

If this occurs between pages then there win t>e free bandwidth as most of 
the other SoPEC Units %vill not be requesting from ORAM. If this occurs 
t>etween bands then the LDB. CDU and TE bandwidth will be free. So the 
PCU should have a high priority to access to any spare liandwfdth. 


Refresh 




Single refresh. 
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20.5 Buffering Required in SoPEC DRAM Requesters 

If each DIU access is a single 256-bit access then we need to provide a 256-bit double buffer in the DRAM 
requester. If the DRAM requester has a 64-bit interface then this can be implemented as an 8 x 64-bit 
HFO. 



Table 66. Buffer sizes In SoPEC DRAM requesters 



DRAM 
Requester 


Direction 


Access patterns 


Buffering required in 
block 


CPU 


R 


Single 2S6-bit reAds. 


Cache. 


W 


Single 32-bit writes but allowing 16-bft or byte ^ 
addressable writes. 


None. 


SCB 


W 


Single 256'bit writes. 


Double 
256-blt buffer. 


CDU 


R 


Single 256-blt reads of ttte compressed contone 
data. 


Double 256>bH buffer. 


w 


Each CDU access is a writs to 4 caonsacutive DRAM 
words in ttie same row but only 64 bits of each word 
are written with the remaining bits write masked. 


Doutsle hftif J PPG hlor^ 
buffer. 


CFU 


R 


Single 256 bit reads. 


Double 256-bit buffer. 


LBD 




Sinoie 256 bit redds 


nmihlA ^'^fwhtt hiiffor 

L/UUUIt? COO'tJII DUIIOI. 


SRJ 


R 


Separate single 256 bit reads for previous and cur- 
rent line but sharing the same DIU interface 


Double 256-bft buffer for 
each read channel. 


W 


Single 256 bit writes. 


OouUe 2S6-|:rit buffer. 


TE(TD) 


R 


Single 256 bit reads. 


DouUe 256-bit buffer. 


TE(TFS) 


R 


Single 256 bit reads. TPS Is 136 bytes. This mecms 
there is unused data in the fiftti 256 bit read. A total 
of 5 reads is required. 


Dout>ie line-buffer Ibr 136 
tjytes Implemented In TE. 


HCU 


R 


Single 256 k>it reads. 126 x 128 dither matrix 
requires 4 reads per line with double buffering. 256 x 
256 dilher matrix requires 6 reads at the end of the 
line with sli^le buffering. 


Configurable between dou- 
ble 128 byte buffer and 
single 256 byte buffer. 


ONC 


R 


Single 256 bit reads 


Double 2S6-bit buffer. 
Deeper buffering could be 
specified to cope with local 
clusters of dead nozzles. 


DWU 


W 


Single 256 bit writes per enabled odd/even color 
plane. 


Double 25&-bit buffer per 
color plane. 


.LLU 


R 


Single 256 tiit reads per enabled odd/even color 
plane. 


Double 256-bit buffer per 
color plane. 


PCU 


R 


Single 256 bit reads. Each PCU command is 64 bits 
so each 256 bit DRAM read can contain 4 PCU com- 
mands. Requested command is read from ORAM 
together with the next 3 contiguous 64-bit6 which are 
cached to avoid unnecessary DRAM reads. 


Single 256-bit buffer. 


Refresh 




Single refresh. 


None. 
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20.6 SoPEC DIU Bandwidth Requirements 

Table 67: SoPEC DIU Bandwidth Requirements 




w 



SCB 



W 



780^ 



0-328 



0.328 



0.5 



CDU 



W 



CFU 



128(SF = 4).288(SF = 
6), 1:1 compression^ 



32/n^ (SF=n). 
0.9 (SF = 6), 
2(SFa4) 
(1:1 oompression) 



for individual accesses: 
16 cycles (SFs=4}.36 
cydes (SF s 6). cycles 
(SF=n). 

Will be implemented as a 
paoe mode bunt of 4 
accesses every 64 cydes 
(SF = 4), 144(SF s:6). 
4-n2(SF=n) cydes* 



64/n2(SF=n), 
1.8(SFs6). 
4(SF = 4) 



32/1 0-n^ (SFsn). 
0.09 (SF = 6). 
0.2 (SF z= 4) 
(10:1 compression)^ 



1 (SF=:6) 

2(SF=4) 



32/n2 (SF=n). 
0.9 (SF s 6), 
2(SF«4)« 



2 (SFs=6) 
4 (SFo4) 



32(SF = 4),48(SFs=6r 



32/n (SF=n). 
5.4 (SF = 6), 
8 (SF = 4) 



32/n (SF=n). 
5.4 (SF = 6). 
8 (SF = 4) 



5.5(SF=6) 
8(SF»4} 



IBO 



256 (1:1 compression)^ 



1 (1:1 compression) 



0.1 (10:1 compression)^ 



SFU 



W 



128 



10 



256' 



TE(TD) 



2S2« 



1.02 



1.02 



1.25 



TE(TFS) 



5 reads per line*^ 



0.093 



0.093 



0.25 



HCU 



4 reads per line (br 1 28 x 
128 dither matrix" 



0,074 



0.074 



0.25 



DNC 



DWU 



W 



LLU 



106 (5% dead-nozzles 
10-bit delta enooded)^^ 



2.4 (dump of dead 
nozzles) 



6 writes every 256^® 
8 reads every 256^^ 



0.8 (equally spaced 
dead nozzles) 



2.5 



PCU 



256 



18 



Refresh 



100^9 



2.56 



2.56 



2,75 



TOTAL 



SF = 6: 34 
SF = 4: 39,5 
exduding CPU 



SF = 6: 27,5 
SF =5 4: 31.2 
exduding CPU 



SF = 6: 35 
exduding CPU. 
SF» 4: 40.5 
exduding CPU 



Notes: 

1: The number of allocated timeslots U based on 64 timeslots each of 1 bit/cycle but broken down to a granularity of 
0.25 bit/cycle. 

2: 50 Mbit/s is 0.328 bits/cycle or 256 bits every 780 cycles. 

3: At ] :l compression CDU m\ist read a 4 color pixel (32 bits) every SF^ cycles. 
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4: At 10:1 'average compression CDU tntist read a 4 color pixel (32 bits) every 10*SF^ cycles. 
5: 4 color pixel (32 bits) is required, on average, by the CFU every SF^ (scale fector) cycles. 

The time available to write the data is a function of the size of the bufifer in DRAM. K5 biiiTcring means 4 color pixel 
(32 bits) must be written every SF^ / 2 (scale &ctor) cycles. Therefore, at a scale factor of SF, 64 bits are required 
every SF^ cycles. 

Since 64 valid bits are written per 2S6-bit write (Figure 104 on page 282) then the DRAM is accessed every SF^ 
cycles i.e. at SF4 an access every 16 cycles, at SF6 an access every 36 cycles. 

If a page mode burst of 4 accesses is used then each access takes (3 1 -M +1) equals 6 cycles. This means at SF, a set 

of 4 back-to-back accesses must occur every 4*SF^ cycles. This assumes the page mode select signal is clocked at 320 

MHz. CDU timeslots therefore take 6 cycles. 

For scale factors lower than 4 double buffering will be used. 

6: The average bandwidth 1 /2 the peak bandwidth in the case of 1 .5 buffering. 

7: 4 color pixel (32 bits) read by CPU evexy SF cycles. At SF4, 32 bits is required every 4 cycles or 256 bits every 32 

cycles. At SF6, 32bits every 6 cycles or 256 bits every 48 cycles. 

8: At 1 :1 compression require 1 bit/cycle or 256 bits every 256 cycles. 

9: The average bandwiddi required at 10:1 compression is 0.1 bits/cycle. 

10: Two separate reads of 1 bit/cycle. 

11: Writeatl bit/'cycte. 

12: Each tag can be consumed in at most 126 dot cycles and requires 128 bits. This is a maximum rate of 256 bits 
every 252 cycles. 

13: 17 X 64 bit reads per line in FECI is 5 x 256 bit reads per line in SoPEC. Double-line buffered storage. 
14: 128 bytes read per line is 4 x 256 bit reads per line. Double^line buffered storage. 

15: 5% dead nozzles 10-bit delta encoded stored with 6-bLt dead nozzle mask requires 0.8 bits/cycle read access or a 
' 256-bit access evety 320 cycles. This assumes the dead nozzles are evenly spaced out. In practice dead nozzles are 
likely to be clumped. Peak bandwidth is estimated as 3 times average bandwidth. 
16: 6 bits/cycle requires 6 x 256 bit writes every 256 cycles. 

17: 6 bits/160 MHz SoPEC cycle average but will peak at 2 x 6 bits per 106 MHz print head cycle or 8 bits/ SoPEC 
cycle. The PHI can equalise the DRAM access rate over the line so that the peak rate equals the average rate of 8 bits/ 

cycle. 

18: Assume one 256 read per 256 cycles is sufficient i.e. maximum latency of 256 cycles per access is allowable. 

1 9: As an example assume refresh must occur every 3.2 ms. Refresh occurs row at a time over 5 1 20 rows of 2 parallel 

10 Mbit instances. Each refresh takes 3 cycles. This is equivalent to a timeslot every 100 cycles. 
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20.7 DIU BUS TOPOLOGY 
20.7.1 Basic topology 



Table 68. SoPEC DIU Requesters 









CPU 


CPU 


Rcfircsh 


CDU 


SCB 




CFU 


CDU 




LBD 


SFU 




SFU 


DWU 




TECTD) 






TE(TFS) 






HCU 






DNC 






LLU 






PCU 







Table 68 shows the DIU requesters in SoPEC. There are 1 1 read requesters and 5 write requesters in 
SoPEC as compared with 8 read requesters and 4 write requesters in PECL Refresh is an additional 
requester. 

In FECI , the interface between the DIU and the DIU requesters had the following main features: 

• separate control and address signals per DIU requester multiplexed in the DIU according to the aibitra- 
tion scheme, 

• separate 64-bit write data bus for each DRAM write requester multiplexed in the DIU, 

• common 64-bit read bus from the DIU with separate enables to each DIU read requester. 

Timing closure for this bussing scheme was straight-forward in PECK This suggests that a similar scheme 
will also achieve timing closure in SoPEC. SoPEC has 5 more DRAM requesters but it will be in a 0.13 
um process with more metal layeis and SoPEC will run at approximately the same speed as PECl . 

Using 256-bit busses would match the data width of the embedded DRAM but such laige busses may 
result in an increase in size of the DIU and the entire SoPEC chip. The SoPEC requestors would require 
double 256-bit wide buffers to match the 256-bit busses. These buffers, which must be implemented in 
flip-flops, are less area efficient than 8-deep 64-bit wide register arrays which can be used with 64-bit bus- 
ses. SoPEC will therefore use 64-bit data busses. Use of 256-bit busses would however simplify the DIU 
implementation as local buffering of 256-bit DRAM data would not be required within the DIU. 

20.7.1.1 CPU DRAM access 

The CPU is the only DIU requestor for which access latency is critical. All DIU write requesters transfer 
write data to the DIU using separate point-to-point busses. The CPU will use the cpu_dataout[3 1 :0] bus. 
CPU reads will not be over the shared 64-bit read bus. Instead, CPU reads will use a separate 256-bit read 
bus. 

20.7.2 Making more efficient use of DRAM bandwidth 

The embedded DRAM is 256-bits wide. The 4 cycles it takes to transfer the 256-bits over the 64-bit data 
busses of SoPEC means that effectively each access will be at least 4 cycles long. It takes only 3 cycles to 
actually do a 256-bit random DRAM access in the case of IBM DRAM. 
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20.7.2.1 Common read bus 



If wc have a common read data bus, as in PECl, then if we are doing back to back read accesses the next 
DRAM read cannot start until the read data bus is free. So each DRAM read access can occur only every 4 
cycles. This is shoym in Figure 67 with the actual DRAM access taking 3 cycles leaving 1 unused cycle 
per access. 



pclkl 
diu.data(63:0] ( 

n-eq(n+l) 

rrcq(n+2) " 



access n 



access n+1 



access n+2 



unused 
cycle 



unused 
cycle 



rreq(n+3) 
rack(n+l) | 

rack(n+2) 

rack(n+3) 



unused 
cycle 



-P^^ ► 



J — L 



Figure 67. Shared read bus with 3 cyde random DRAM read accesses 



^ 20. 7.2.2 Interleaving CPU and non^CPU read accesses 

The CPU has a separate 256-bit read bus. All other read accesses aze 256-bit accesses are over a shared 64- 
bit read bus. Interleaving CPU and non-CPU read accesses means the effective duration of an interleaved 
access timeslot is the DRAM access time (3 cycles) rather than 4 cycles. Interleaving is achieved by order- 
ing the DIU arbitration slot allocation appropriately. 

Figure 68 shows interleaved CPU and non-CPU read accesses. 
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Figure 68. Interleaving CPU and non-CPU read accesses 



20,7.2.3 interleaving read and write accesses 

Having separate write data busses means write accesses can be interleaved with each other and with read 
accesses. So now the effective duration of an interleaved access timeslot is the DRAM access time (3 
cycles) rather than 4 cycles. Interleaving is achieved by ordering the DIU arbitration slot allocation appro- 
priately. 

Figure 69 shows interleaved read and write accesses. Figure 70 shows interleaved write accesses. 



pclk 



256-bit bufferek write 

for Soi'eC Unit n 




Rgure 69. Interleaving read and write accesses with 3 cycle random DRAM accesses 



Write data still takes 4 cycles to transmit over 64-bit busses so 2S6-bit buffers are required in the DIU to 
gather the write data from the requesters. 
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Figure 70. Interieaving write accesses with 3 cycle random DRAIM accesses 



20.7.3 Boswidths y 

Table 69. SoPEC DIU Requesters Data Bus Width 



CPU 


256 (separate) 


CPU 


32 (OPEN ISSUE) 


CDU 


64 (shared) 


SCB 


64 


CFU 


64 (shared) 


CDU 


64 


L60 


64 (shared) 


SFU 


64 


SFU 


64 (shared) 


DWU 


64 


TE(TD) 


64 (shared) 






TEfTFS) 


64 (shared) 






HCU 


64 (shared) 






DNC 


64 (shared) 






LLU 


64 (shared) 






PCU 


64 (shared) 







20.7,4 Conciusions 

Reads and writes can be interleaved wdth a separate 256-bit read bus for the CPU for minimum latency 
DIU access. Interleaving can be performed by inserting write accesses or CPU accesses between shared 
read bus accesses. The interieaving is achieved by ordering the DIU arbitration slot allocation appropri- 
ately. 
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20.8 



SoPEC DRAM ADDRESSING SCHEME 



The embedded DRAM is composed of 256-bit words. However the CPU-subsystem may need to write 
individual bytes of DRAM. Therefore it was decided to make the DIU byte addressable. 22 bits are 
required to byte address 20 Mbit of DRAM. 

Most bloclcs read or write 256 bit words of DRAM. Therefore only the top 17 bits i.e. bits 21 to 5 are 
required to address 256-bit word aligned locations. 

The exceptions are 

• CDU whidi can write 64-bits so only the top 19 address bits i.e. bits 21-3 are required. 

• CPU writes can be 8, 16 or 32-b2ts. The cpu^diujMnaskfI:OJ pins indicate whether to write 8, 16 or 32 
bits. 

All DIU accesses must be within the same 256-bit aligned DRAM word. 
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20.9 DIU Protocols 



The DIU protocols are 

• pipelined i.e the following transaction is initiated while the previous transfer is in progress. 

* split transaction i.e. the transaction is split into independent address and data transfers. 



20.9.1 Read Protocol except CPU 



The SoPEC read requestors, except for the CPU, perform single 256-bit read accesses with the read data 
being transferred from the DIU in 4 consecutive cycles over a shared 64-bit read bus, diu_data[63:0]. The 
read address <unit>_diujradr[2l:5] is 256*bit aligned. 

The read protocol is: 

• <unit>jiiu^jrreq is asserted along with a valid <unit>_diujradr[2l:5J. 

• The DIU acknowledges the request with diu_<unit>jrach The request should be dcasserted. The min- 
imum number of cycles between <unit>^diu^rreq being asserted and the DIU generating an 
diu_<umt>_rack strobe is 2 cycles (1 cycle to register the request, 1 cycle to perform the aibitradon . 
see Section 20.13.6). 

• The read data is returned on diu^data[63:0] and its validity is indicated by diu_<unit>_rvalid, 

• When four diu_<unU>_rvalid pulses have been received then if there is a further request 
<unit>_diu_rreq should be asserted again. diu_<unU>_rvalid will be always be asserted by the DIU 
for four consecrative cycles. The first diu^<unit>_rvalid pulse will occur 3 cycles after. 
diu^<unU>^ack (I cycle to transfer the address to the DRAM, 2 cycles for the read data to be 
returned from the DRAM). 



pclk 

<unit>_diu_rreq 
diu_<Unit>_rack 



<unit>_diu_radr[2 1 :5] | \ 
diu_<unit>_rvalid 

diu_data[63:0] | ♦ 



3 I 4 I I 



Figure 71. Read protocol for a SoPEC Unit making a single 256-bit access 



20.9.2 Read Protocol for CPU 

The CPU performs single 256-bit read accesses with the read data being transferred from the DIU over a 
dedicated 256-bit read bus for DRAM data, drttm_cpu^dataf255:0J. The read address €yni_adrf2I:5J is 
256-bit aligned. 

The CPU DIU read protocol is: 

• cpu^diujrreq is asserted along with a valid cpu_adr[2l:5J. 
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• The DIU acknowledges the request with diu_cpu_rack. The request should be deasserted. The mini- 
mum number of cycles between cpujdiu^rreq being asserted and the DIU generating a cpu^diu^rack 
strobe is 2 cycles (I cycle to register the request, 1 cycle to perform the arbitration - see Section 
20.13.6). 

• The read data is returned on dram^cpu^data[255:0] and its validity is indicated by diu^cpu^rvalid. 

• When the diu_cpu_rvalid pulse has been received then if there is a further request cpujiiujrreq should 
be asserted again. The diu^cpujrvalid pulse will occur 3 cycles after rack (1 cycle to transfer the 
address to the DRAM, 2 cycles for the read data to be returned from the DRAM). 



pclk 

cpu_diu_rreq 
diu_cpu_rack 




cpu_adr[2l:5] [ . | 



diu_qpu_rvalid 



drain_cpu_dataI255;0] [ 

Figure 72. Read protocol for a CPU making a single 256-btt access 



EZI 



20.9.3 Write Protocol except CPU and CDU 

The SoPEC write requestors, except for the CPU and CDU, perform single 256-bit write accesses with the 
write data being transferred to the DIU in 4 consecrative cycles, over dedicated point-to-point 64-bit write 
data busses. The write address <unit>_diu_wadr[2!:5] is 256-bit aligned. 
The write protocol is: 

• <unit>jdiu_wreq is asserted along with a valid <unit>_diujwadr[21:5J, 

• The DIU acknowledges the request with diu_<unit>_wack. The request should be deasserted. The 
minimum number of cycles between <unit>_diu_wreq being asserted and the DIU generating an 
diu_<unit>_wack strobe is 2 cycles (1 cycle to register the request, 1 cycle to perform the arbitration - 
see Section 20. 13,6). 

• In the clock cycles following wack the SoPEC Unit outputs the <unit>_diu_data[63:0], asserting 
<unit>Jiu_wvalid, Write data should be output as soon as possible after receiving the wack Access- 
ing registers, register arrays or SRAMs may incur different delays. The first <unit>_diu^wvalid pulse 
can occur in the clock cycle after diu_<uni(>_wack. In the case of register array or SRAM access, the 
first <unit>__diu_\yvaUd pulse will occur 2 clock cycles after diu^<umt>_wack. • 

• Once all the write data has been output then if there is a ftirther request <unU>_diu_wreq should be 
asserted again. 

A timeout mechanism will be implemented to ensure that the DfU will not lock-up if four 
<unit>_diu_wvalid pulses are not provided. 
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pclk 

<unit>_diu_wreq 




<umt>_diu.wadrt21:5] | I |. 



diu_<unit>_wack 



<unit>_diu_data[63:0] | . . .1 1 .1 2 | 3 | 4 [ 

<Umt>.diu_wvaIid I I 



Figure 73. Write Protocol shown for a SoPEC Unit maldng a single 256-bit access 



20.9.4 CPU Write Protocol 

The CPU perfonns single write which can be 8, 16 or 32-bits with the write data being transferred to the 
DIU over the cpujiataout[il:0] bus. The write address cpu^adrpL OJ is bjfte aligned. 

The CPU write protocol is: 

• cpu_diu_wreq is asserted along with a valid cpu^adr[21:0] and a write mask cpu_diu_wmask[1 :0J to 
indicate whether an 8. 16 or 32-bit access is required. 

• The DIU acknowledges the request with diu^cpu^wach The request should be deasserted. The mini- 
mum number of cycles between cpu_diu_wreq being asserted and the DIU generating an 
diu_cpu__wack strobe is 2 cycles (1 cycle to register the request, I cycle to perform the arbitration - see 
Section 20.13.6). 

• In the clock cycle following diu_cpu_wack the CPU outputs the cpujiataout[31:0], asserting 
cpu^diu^wvcdid. Write data should be output as soon as possible after receiving the diu^cpu^wacJL 
The earliest the cpu^diu^wvalid pulse can occur is in the first clock cycle after diu_cpu_wack, 

• Once the write data has been output then if there is a further request cpu^diuji/vreq should be asserted 
agairt 
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pclk 




cpu^adr[2I:0] li :l |; / ■ - . • ' . ' - • ' . | 



<liu.cpu_wack 



q)u.dataout[31:0] • . 
cpu.diu_wvalid 



Figure 74. Write Protocol sliown for a CPU maldng an 8, 16 or 32-bit access 



20.9.5 CDU Write Protocol 

The CPU performs four 64-bit writes to 4 contiguous 256-bit DRAM addresses with the first address spec- 
ified by cdu_diu_wadrpi:3J. The write address cdu_diu_wadr[22:3J is M-biX aligned 

The write protocol is: 

• cdu_diu_wdata is asserted along with a valid cdu_diu_wadr[21:3]. 

• The DIU acknowledges the request with diu_cdu_wacL The request should be deasserted The mini- 
mum number of cycles between cdu_diu_wreq being asseited and the DIU generating an 
diu_cdu_wack strobe is 2 cycles (1 cycle to register the request, 1 cycle to perform the azbitration - see 
Section 20.13.6). 

• In the clock cycles following wack the CDU outputs the cdu_diu_data[63:0], together with asserted 
cdujjdiu_wvalid. Write data should be output as soon as possible after receiving the wack. Accessing 
registers, register arrays or SRAMs may incur different delays. The first cdu_diu_wvalid pulse can 
occur in the clock cycle after diu^cdujwack. In the case of register array or SRAM access, the first 
cdu_diu_wvalid pulse will occur 2 clock cycles after diu_cdu_wack, 

• Once all the write data has been output then if there is a further request cdu_diu_wreq should be 
asserted agaia 

A timeout mechanism will be implemented to ensure that the DIU will not lock-up if four cpu^diujwvalid 
pulses are not provided. 
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pclk 

cdu_diu_wrcq 




cdu_diu_wadr[22:3] |: \ :[ 



diu„cdu_wack 



cdu_diu.datal63:0] | • , I 1 I 2 | 3 | 4 "7 

cdu__diu_wvalid I I 



Figure 75. Write Protocol sbown for CDU making four contiguous 64-blt accesses 
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20.10 DIU ARBITRATION MECHANISM 

The DIU will arbitrate access to the embedded ORAM. The axbitration scheme is outlined in the next sec- 
tions. 

20.10.1 TImesiot based arbitration scheme 

Table 67 summarised the bandwidth requirements of the SoPEC requestors to DRAM. If we allocate the 
DIU requestors in tenns of peak bandwidth then we require 36 bits/cycle (at SF =6) and 42.5 bits/cycle (at 
SF = 4} for all the requestors except the CPU. 

A timeslot scheme is defined with 64 main timeslots. The number of used main timesiots is programmable 
between 0 and 64. 

Since DRAM read requestors, except for the CPU, are connected to the DIU via a 64-bit data bus each 
256-bit DRAM access requires 4 pclk cycles to transfer the read data over the shared read bus. The 
timeslot rotation period for 64 timeslots each of 4 pclk cycles is 256 pclk cycles or 1 .6 ps, assuming pcik is 
160 MHz. Each timeslot represents a 256-bit access every 256 pclk cycles or 1 bit/cycle. This is the granu- 
larity of the majority of DIU requestors bandwidth requirements in Table 67. 

The SoPEC DIU requesters can be represented using 5 bits (Table on page 229). Using 64 timeslots 
means that to allocate each timeslot to a requester a total of 64 times 5 configuration registers is required 
for the 64 main timeslots. 

Timeslot based arbitration works by having a pointer point to the current timeslot When re-arbitration. is 
signaled the arbitration pointer will advance to the next timeslot. If die SoPEC Unit assigned to the current 
timeslot is not requesting then the imused timeslot arbitration mechanism outlined in Section 20.10.4 is 
used to select the arbitration winner. 

The timeslot pointer advances when the DIU issues the next conunand to the DRAM. Each timeslot theie^ 
fore denotes a single access. The duration of the timeslot depends on the access. 

If the SoPEC Unit pointed to by the current timeslot pointer is not requesting then the slot will be allocated 
according to the mechanism described in Section 20. 10.5. 



current timeslot 
pointer 









n-l 


n 


n+l 
















r — ^ 













Figure 76. Timeslot based arbitration 

20.10.2 Separate read and write arbitration windows 

For write accesses, except the CPU, 256-bits of write data are transferred fi-om the SoPEC DIU write 
requestors over 64-bit write busses in 4 clock cycles. This write data transfer latency means that writes 
accesses, except for CPU writes, must be arbitrated 4 cycles in advance. The [to be included figure and 
explanation] shows why this is necessary. 
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Since write arbitration must occur 4 cycles in advance, and the minimum duration of a timeslot duration is 
3 cycles, the arbitration rules must be modified to initiate write accesses in advance.accordingly. There is 
a timeslot lookahead pointer shown in Figure 77 two timcslots in advance of the current timeslot pointer. . 



current timeslot 
pointer 



n+1 



timeslot lookahead 
pointer 



n+2 



Figure 77. Timeslot based arbitration with separate read and write pointers 
The following examples illustrate separate read and write timeslot arbitration. 
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Programmed timeslot order 
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Timeslot aibitration order 



W 
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Actual timeslot order 



write 
latency 



Figure 78. Example (a), separate read and write arbitration 

In Figure 78 writes are arbitrated two timcslots in advance. Reads are arbitrated in the same cycle Writes 
can be arbitrated in the same cycle as a read. During aibitration the coomiand address of the arbitrated 
SoPEC Unit is captured. 

Other examples are shown in Figure 79, Figure 80 and Figure 81. The actual timelsot order is always die 
same as the programmed timeslot order i.e. out of order accesses do not occur and data coherency is never 
an issue* 

Each write must always incur a latency of two timcslots. If the first write occurs in the first timeslot then 
all following timeslots will incur a latency of two timcslots. This is shown in Figure 78 and Figure 79. If 
the first write occurs in the second timeslots then all following timeslots will incur a latency of two 
timeslots. This is shown in Figure 80. 
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Figure .79. ExampJe (b), separate read and write arbitration 
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Figure 80. Example (c), separate read and write arbitration 
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Figure 81. Example (d), separate read and write arbitration 



Table 70 shows the 4 scenarios depending on whether the current timeslot and timeslot lookahead pointers 
point to read or write accesses. 

To be checlced and updated: 

Table 70: Arbitration with separate windows for read and write accesses 




read write Inmate read transfer. 



Initiate write transfer. 

jeadi read2 (nitiate readl transferT 

writel wrfte2 Initiate write2 transfer. 



write read No action. 



If the current timeslot pointer points to a read access then this will be initiated immediately. 

If the timeslot lookahead pointer points to a write access then this access is initiated immediately, or 
immediately after the read access associated with the current timeslot pointer is initiated. 

When a write access is initiated the DIU will capture the write address and will do the DRAM write two 
tiemslots in advance when the associated write data has been transfered to the DIU. 

To be checked and updated: At initialisation, both pointers point to the first timeslot The lookahead 
pointer advances to the second timeslot and the third timeslot in successive clock cycles until it is two 
timeslots ahead of the current timeslot pointer. Then both pointers advance in tandem. At each step, the 
rules in Table 70 are obeyed. This leads to the behaviour shown in the exampes of Figure 78 to Figure 81. 
CPU write accesses arc excepted from the lookahead mechanism. 
Timing diagrams for these scenarios are shown in Section 20.13 Implementation. 
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If the selected SoPEC Unit is not requesting then there will be separate read and write selection for unused 
timeslots. This is described in Section 20. 10.5. 

20.1 0.3 Arbitration of CPU accesses 

The CPU can be allocated timeslots Uke any other DIU requestor. If CPU accesses are interleaved between 
the shared read bus accesses then the DIU timeslots will take 3 cycles as shown in Section 20.7.2.2. The 
timeslot rotation will be fester than 256 pclk cycles. 

What distinguishes the CPU from other SoPEC requestors, is that the CPU requires minimum latency 
DRAM access i.e. preferably the CPU should get the next available timeslot whenever it requests. 
The minimum CPU read access latency is estimated in Table 71. This is the time between the CPU making 
a request to the DIU and receiving the read data back from the DIU. This ignores any latency associated 
with the CPU's caching mechanism. 

Table 71. Estimated CPU read access latency ignoring caching 





register the CPU read 
request 


1 cycle 


complete the arbitra- 
tion of the request 


1 ^cie 


transfer the read 
address to the DRAM 


1 cycle 


DRAM read latency 


2 cycles 


register the read data 


1 cycle 


TOTAL 


6 cycles 



* If the CPU, as is likely, requests DRAM access again immediately after receiving data from the DIU then 
the CPU can access every second timeslot This assumes that interleaving is employed so that timeslots 
last 3 cycles. If the CPU access latency increases to 7 cycles then the CPU will only be able to access every 
third timeslot. 

If a cache hit occurs the CPU does not require DRAM access. For its next DIU access it will have to wait 
for its next assigned DIU slot. Cache hits therefore will reduce the number of DRAM accesses but not 
speed vp any of those accesses. 

To avoid the CPU having to wait for its next timeslot it is desirable to have a mechanism for ensuring that 
the CPU always gets the next available timeslot without incurring any latency on the non-CPU timeslots. 
This can be done by defining each timeslot as consisting of a CPU access preceding a non-CPU access. 
Each timeslot will last 6 cycles i.e. a CPU access of 3 cycles and a non-CPU access of 3 cycles. This is 
exactly the interleaving behaviour outlined in Section 20.7.2.2. If the CPU does not require an access, the 
timeslot will take 3 or 4 and the timeslot rotation will go faster. A summary is given in Table 72. 

Table 72. Timeslot access times. 









CPU access + non-CPU access 


3 + 3 = 6 cycles 


Interleaved access 


non-CPU access 


4 cycles 


Access and preceding access both to shared 
read bus 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 

Page 217 




SoPEC : Hardware Design 



Table 72. Timeslot access times. 











non-CPU access 


3 cycles 


Access and preceding access not both to shared 
read bus 


CDU write access 


3+1+1+1 =6 cycles 


Page mode select signal is clocked at 320 MHz 



CDU write accesses require 6 cycles. CDU write accesses preceded by a CPU access require 9 cycles. 
CDU timeslots therefore take longer than all other DIU requestors timeslots. 

With a 256 cycle rotation there can be 42 accesses of 6 cycles. This is just enough timeslots for SF = 4 
operation, ignoring implementation pipeline latencies. 

For low scale factor applications, it is desirable to have more timeslots available in the same 256 cycle 
rotation. So two counters of 4-bits each are defined allowing the CPU to get a maximum of cpujtimeslots 
in total^timeslots, A timeslot counter starts at total_timeslots and decrements every timeslot, while another 
counter starts at cpu_timeslots and decrements every timeslot in which the CPU uses its access. When the 
CPU timeslot counter goes to zero before totaljtimeslots no fuxther CPU accesses are allowed. When the 
toialjdmeslots counter reaches zero both counters arc reset to their respective initial values. 

When cpujtimeslots is set to zero then no accesses will be preceded by CPU accesses. The CPU can be 
allocated timeslots like any other DIU requestor. 

If CPU accesses are interleaved between the shared read bus accesses then the DIU timeslots will take 3 
cycles as shown in Section 20.7.2.2 Otherwise the timeslots will take 4 cycles each and the rotation will 
take 256 cycles. 

The various modes of operation are summarised in Table 73 with a nominal rotation period of 256 cycles. 



Table 73. CPU timeslot allocation modes with nominal rotation period of 256 cycles 







|l 


^^^^^ 






CPU Pre-access 

i.e. cpujtimeslots « totaljtimeslots 


6 cycles 


42 timeslots 


Each access is CPU + non-CPU. 

tf CPU does not use a timeslot then rotation is 1 


Easter. 


Fractional CPU 
Pre-access 

i.e. cpujtimeslots < totaljtimeslots 


4 or 6 cycles 


42-64 timeslots 


Each CPU + non-CPU access requires a 6 cycle 
timeslot 


Individual non-CPU timeslots take 4 cycles if 
current access and preceding access are both 
to shared read bus. 


Individual non-CPU timeslots take 3 cycles if 
current access and preceding access are both 
to shared read bus. 


Interleaved 

i.e. cpujtimeslots — 0 


4 cycles 


64 timeslots 


Timeslot rotation is faster by 1 cycle for each 
CPU, write access or interleaved read access 



20.10.4 Sub-timesiots 

Looking at the baiidwidth requirements of the DIU requesters in Table 67, most DIU requesters require 
bandwidths of 1 bit/cycle or multiples thereof However, some of the requestors require much lower band- 
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width. This suggests that some sub-timeslots of lower granularity than a nominal 1 bit/cycle should be 
defined 

There will be 2 sub-timeslots of 4 and 8 slots each. The bandwidth associated with each individual sub-slot 
IS nominally 0.25 and 0.125 bits/cycle respectively, assuming each slot last 4 cycles. Sub-timeslots can be 
allocated to any number of main timeslots so that any multiple of the individual sub-timcslot bandwidth 
can be obtained. 

Table 74. Sub-tlmesrot definition 




Each sub-slot pointer gets advanced each time it is accessed icgardless if it slot is used or not 
Sub-timeslots are similar in all other ways to main timeslots i.e. 

• they can have preceding CPU accesses in a similar manner. 

• unused slots are decided by the same unused timeslot allocation mechanism (Section 20. 10.5). 

• a timeslot lookahead pointer is used to select writes (except for CPU vwites) early to compensate for 
write data transfer latency. 
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pointer 
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n+2 
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sub4timeslot 
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sub3timeslot 



Figure 82. Example sub-timeslot aflocation 

An example sub-timeslot allocation is shown in Figure 82. 

Every time main timeslots m and n are accessed, the SoPEC unit pointed to by the pointer in sub4timeslot 
will win arbitration and the sub4timeslot pointer will advance. Similarly, every time main timeslots n+2 
and/7 are accessed, the SoPEC unit pointed to by the pointer in subStimeslot will win arbitration and the 
ju^i/imer/o/ pointer will advance. 

20.10.5 Allocating unused timeslots 

Unused slots are re-allocated on a two-level round-robin basis. This is best-effort traffic. 
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Each SoPEC requestor has two associated bits, RoundRobinLevei indicates whether it is in level 1 or level 
2 round-robin, and RoundRobinEnable indicates whether it is enabled or not in the selected round-robin. 

Table 75. Round-robin selection 









RoimdRobinLevel - 0 


RoundRobinEnable = 0 


Not enabled 




RoundRobinEnable « 1 


Level 1 


RoundRobinLevei = 1 


RoundRobinEnable <= 0 


Not enabled 




RoundRobinEnable » 1 


Level 2 



Separate read and write roxmd-robin trees are needed, one for read accesses and one for write accesses. 

CDU write accesses cannot be included in the round-robin allocation for write as CDU accesses take 6 
cycles. The write accesses which the CDU write could otherwise replace require only 3 or 4 cycles. 
Robin-robin allocations do not have CPU pre-accesses. 

A pointer points to the current allocated unit in each of the round-robin levels. If tiie unit pointed to the 
level 1 round-robin is requesting then this unit wins the arbitration and the pointer is advanced. If the unit 
pointed to in the level 1 round-robin is not requesting then the next units in the level 1 round-robin are 
examined When a requesting unit is found this unit wins the arbitration and the pointer advances to the 
next unit. If no unit is requesting then the pointer does not advance and the second level of round-robin is 
examined in the same way as first level of the romd-robin. 



Table 76. Write round«robln registers bit order 




20.10.6 Background refresh controller 



A background refresh controller should be implemented that will issue a refresh and pause the timeslot 
rotator in case data is about to be lost This scenario will only occur in the situation that insufficient 
timeslots were allocated for refresh. 
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20.11 Guidelines for programming the DIU 



Some guidelines for programming the DIU arbitration scheme are given in this section together with an 
example. 

20.1 1 .1 Implementation pipeline latencies 

The number of allocated timeslots for each requester needs to take into account implementation pipeline 
latencies. The number of timeslots is made programmable. This means 1 or 2 timeslots can be removed to 
^lowfor miplementation latency. Each timeslot wiU allow for 6 cycles implementation latency in C/>a 
Pre-access mode and 3 cycles otherwise for each single timeslot allocation in a rotation.. If units are allo- 
cated more than 1 timeslot in a rotation then the gap between slots may need to be reduced additionally to 
allow for implementation latency. 

20.1 1.2 Ensuring sufficient DNC and PCU access 

PCU command reads ftom DRAM are exceptional events and should complete in as short a time as possi- 
ble. Similarly, we must ensure there is sufficient free bandwidth for DNC accesses e.g when clusters of 
dead nozzles occur. In Table 67 DNC is allocated 3 times average bandwidth. PCU and DNC can also be 
allocated to the level 1 round-robin aUocation for unused timeslots so that unused timeslot bandwidth is 
available to them. 



20.1 1 .3 Basing timeslot allocation on peak bandwldths 

Since the embedded DRAM provides sufficient bandwidth to use 1:1 compression rates for the CDU and 
LBD It IS possible to simpUfy the main timeslot and sub-timeslot allocation by basing the allocation on 
peak bandwidths. The only variable in determining timeslot aUocations then becomes the scale factor. 
If slot allocation is based on peak bandwidth requirements then DRAM access will be guaranteed to all 
SoPEC requesters. If we do not allocate slots for peak bandwidth requirements then we can also allow for 
the peaks deterministically by adding some cycles to the print line time. 

20.1 1 .4 Adjacent timeslot limitations 

All DIU requesters have state-machines which request and transfer the read or write data before requesting 
agam. The time to perform this operation is greater than the time between adjacent timeslots. Therefore 
adjacent timeslots should not be assigned to a particular DIU requester because the requester wiU not be 
able to make use of all diese slots. 

20.11.5 Line margin 

The SnJ must output 1 bit/cycle to the HCU. Since HCUNumDots may not be a multiple of 256 bits the 
last 256-bit DRAM word on the line can contain extra zeros. In this case, the SFU may not be able to pro- 
. vide 1 bit/cycle to the HCU. This could lead to a stall by the SFU. This stall could then propagate if the 
margins bemg used by the HCU are not sufficient to hide it. The maximum stall can be estimated by the 
calculation: DRAM servrice period - X scale factor * dots used from last DRAM read for HCU line. 
Similarly, if the line length is not a multiple of 256-bits then e.g. the LLU could read data from DRAM 
which contains padded zeros. This could lead to a staU. This stall could then propagate if the page mai^ns 
cannot hide it. r o i- © e 

A single addition of 256 cycles to the line length will suffice for all DIU requesters to mask these stalls. 
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20.11. 6 Example DIU prDgramming 

A full example to be worked out. 



Program MainTimeslor and SubnTlmes/ot configuration registers (Table 82) for peak required bandwidths 
of SoPBC Units according to the scale factor used for the document. 

Program unused slots to use the round-robin allocation to share unused slots between ail DIU requesters. 
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20.12 CPU DRAM access performance 

This section does not yet reflect any implementation pipeline latencies. 

The CPU's share of the timeslots can be specified in terms of guaranteed bandwidth and average band- 
width allocations. 

The CPU's access rate to memoiy depends on 

• the CPU read access latency i.e. the time between the CPU making a request to the DIU and receiving 
the read data back fi-om the DIU. 

• how often it can get access to DIU timeslots. 

Table 71 estimated the CPU read latency ignoring caching as 6 cycles. 

How often the CPU can get access to DIU timeslots depends on the access type. 

Table 77. CPU DRAM access perlonnance 











CPU Pre-access 


6 cycles 


Lower boimd (guaranteed 

bandwidth) is 

160 MHz / 6 - 26.27 MHz 


CPU can access every timeslot 


Fractional CPU 
Preraccess 


6 cycles 


Lower bound (guaranteed 
bandwidth) is 
(160MHz*N/P) 


CPU accesses precede a fraction N of timeslots 
where N = C/T. 
C = cpu_timeslots 
T = totaljtimeslots 
V^{e*C'^ 4*(T-C))/T 


Interleaved 


4 cycles 


See Section 20. 12.1 


At SF « 6, 28 timeslots available for CPU. 
At SF = 4. 21 timeslots available for CPU. 



For CPU Pre-^cess and Fractional CPU Pre-access modes average and guranteed CPU bandwidth are 
equivalent since the CPU is limited to a certain fraction of timeslots. 

If the CPU runs out of its instruction cache then instruction fetch performance is only limited by the on- 
chip bus protocol. With a 2 cycle bus protocol (address cycle + data cycle) the performance would be 80 
MHz. 

20.12.1 CPU DRAM access performance with interleaved access mode 

Table 78 shows the guaranteed periodic CPU access with 4 <ycle DRAM access and pclk « 160 MHz. 
Table 78. Guaranteed Periodic CPU access wtth 4 cycle timeslots and pe/kz: 160 MHz 



inGuaraoteai 



iteaq^^ 



Timeslots left for CPU 



Maximum wait for timeslot 



CPU rate 



28.25 



12 cycles 



13.3 MHz 



21.5 



12 cycles 



13^ MHz 



Since timeslots are integral multiples of 4 cycles the maximum wait for a timeslot and hence minimum the 
CPU rate must reflect this. 
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Tabic 79 shows the average CPU access with 4 cycle DRAM access and pclk = 160 MHz. This will be a 
bursty access. 

Table 79. Average bursty CPU access with 4 cycle DRAM access and pt^k^ 160 MHz 



Timeslots left for CPU 






Maximum wait for timeslot 


8 cydes 


12 cycles 


CPU rate 


20 MHz 


13.3 MHz 



Interleaving of CPU and write accesses with shared read bus accesses will mean some of the timeslots will 
take 3 cycles rather than 4 cycles. This will mean that CPU slots will be available more frequently and 
higher CPU performance is attainable. 
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20.13 Implementation 

The DRAM Interface Unit (DIU) is partitioned into 2 logical blocks to facilitate design and verification. 

a. The DRAM Access Unit (DAU) which interfaces to the SoPEC DIU requesters. 

b. The DRAM Controller Unit (DCU) which accesses the embedded DRAM. 




DRAM Access Unit (DAU) 




DRAM 


1 
1 


eDRAM 






Controller 


1 








Unit 










(DCU) 


1 
1 
1 





Figure 83. DIU Partition 

The basic principle in design of the DIU is to ensure that the eDRAM is accessed at its maximum rate 
while keeping the circuit latency for each access as low as possible. 

The DCU is designed to interface with single bank 20 Mbit IBM Cu-1 1 embedded DRAM performing 
random accesses every 3 cycles. Page mode write accesses, associated with the CDU, are also si^ported. 

The DAU is designed to support interleaved accesses allowing the DRAM to be accessed every 3 cycles 
where back-to-back accesses do not occur over the shared 64-bit read data bus. 
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20.1 3.1 Definition of DCU lo' 

Table 80. DCU fnterface 



Clocks and Resets 


pdk 


1 


In 


SoPEC Functional dock 


prst_n 


1 


In 


Active-low. synchronous reset In pcik domain 


Inputs from OAU 


dau_dcu.cmdavan 


1 


In 


Signal indicating a DAU comnnand is available i.e. 
dai/^cnxLadr. dau^cmd^rwn and dau^cmd^fBtrash are valid. 


dau_dcu.cfTidadr(2l :5] 


17 


In 


Signal indicating the address for the DRAM access. This Is a 
256-bit aligned DRAM address. 


dau_dcu_cmdrwn 


1 


In 


Signal indicating the direction for the DRAM access (1 sread. 
0=2write). 


dau.dcu.cmdrefresh 


1 


In 


Signal indicating that a refresh oommand is to be issued. If 
asserted tfaiLancLadrand dEac/_omcLmn win be ignored. 


dau_dcu.wdata 


256 


In 


256-bit write data to DCU 


dau^dcu.wmask 


256 


In 


256^it write data nnask to DCU 


dau.dcu.wvaGd 


17 


In 


Signal Indicating valid write data and write mask. 


Outputs to DAU 


dcu_dau.cmdaocept 


1 


Out 


Signal Indicating that the DCU has accepted a valid command 
from the DAU. 


dcu.dau_refreshcomplete 


1 


Out 


Signal indicating that the OCU has completed a refresh. 


dcu.dau_fdata 


256 


Out 


256-bit read data f^m DCU. 


dcu_dau_rTvaDd 


1 


Out 


Signal indrcaUng valid read data on d'cu^rd'ala. 


Outputs to DRAM 


III 


Inputs from DRAM 


1 1 1 
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20.1 3.2 Definition of DAU lO 

Table 81. DAU Interface 





docks and Resets 


rtf4\t 


1 1 


1 


SoPEC Functional dock 


prsl^n 


j 1 


1 ''^ 


Active-low. synchronous reset In pdk domain 






cpu_adr(9:2] 


8 


In 


CPU address bus. 8 bits are required to decode the 
address space for this block 


cpu_dataout[3l:0] 


32 


In 


Shared write data bus from the CPU 


diu_cpu.data(31 :0} 


32 


Out 


Configuratk>n, status and deixjg read data bus to the CPU 


cpu.rwn 


1 


In 


Common read/not-write signal from the CPU 


cpu_aoode[1:0] 


2 


In 


CPU access code signals. 

cpu.aoode[0] - Program (0) / Data (1 ) access 

cpu.acodell] - User (0) / Supervisor (1) access 

The DAU wiH only allow supervisor mode accesses to data 

space. 


cpu^dhj^sel 


1 


In 


Block select from the CPU. When cpu^diu^sei is high both 
cpu_addr an6 cpu^datBout are valid 


diu_cpu_rrfy 


1 


Out 


Ready signal to the CPU. When dtijucpt4_fdy is high it Indi- 
cates the last cycle of the access. For a write cycle this means 
cpu^dataout has been registered by the bkxdc and fbr a read 
cycle this means the data on diujcpujdata Is valid. 


diu_cpu_berr 


1 


Out 


Bus error signal to the CPU Indicating an InvaUd access. 


01 U Read Interface to SoPE 


C Units 


<unit>_diu_rreq 


1 


In 


SoPEC unit requests DRAM read. A read request must be 

accompanied by a valid read address. 


<unlt>_diLi_radr[21 :5) 


17 


In 


Read address to OtU 

17 bits wkJe (256-bit aligned word). 


diu_<unlt>_rack 


1 


Out 


Acknowledge from DIU that read request has been accepted 
and new read address can be placed on <unit>^diu__mdr 


dlu_data(63:0I 


64 


Out 


Data from OIU to SoPEC Units except CPU. 
Rrst 64-b'fts is bits 63K) of 256 bit word 
Second 64-bits is bits 1 27:64 of 256 bit word 
Third 64-blts is bits 191:128 of 256 bit word 
Fourth 64-btts Is bits 255:192 of 256 bti word 


dfam_cpu_dala[255.-01 


256 


Out 


256-bit data from ORAM to CPU. 


diu_<unlt>_rvalid 




Out 


Signal from DIU telling SoPEC Unit that valkj read data is on 
ihe diujdata bus 


DtU Write Interface to SoPEC Units 


<iJnit>_diu_wreq 


1 


In 


SoPEC unit requests DRAM write. A write request must be 
accompanied by a valid write address. 


<unlt>_diu_wadff21 ;5] 


17 


In 


Write address to DIU except CPU. COU 
1 7 bits wide (256-bit aligned word) 


cpu_adr(21:0J 


22 


In 


CPU Write address to DIU 

22 bits wkle (8-b{l aligned word) 

Addresses cannot crass a 256-bit word ORAM boundary. 
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Table 98. COU registers 



13 



0x6C 



^PflOecStatus 



16 



22 




0x0000 



0x0000 



OkOO.OOOO 



Z'^^f "^"^ fi^^t out. 
put byte of each 8x8 block of test data 

11 -O - 1 H>ii output test data pod - displays OCT 



Oecodtno parameter bus which enables vario«^ 

parameters used by the owe to be read. The data 
av^blo on the PVaJue port te tor Informatfon orty 
and does notoontaJn cont»Dl donate tor the dewto, 

^li'^^^-^"^" »e JPEG 

core Is staned by gatlno of jeOc as Ihe output JPEG 

haffttoekdouble-buftersoflhe COUare^S^® 

Z^Pf^r^^"^^ •« ^ from 
»»e JPEG decoder co«e and b asserted when « pixel 
Is being output 

Bitel».16 - /»»_oon«wi«s(RFOatlnpiitof JPEG 
decoder core) 

CS61S0 (see Table 100 for description of bits). 



22^.3 Typical operation 

TTie CDU shotdd only be started after the CFU has beet, started 

AOies. Users then set the CDU's Go hhto'J^^r^'^^IVJ'^'^' ^fffEndBlockAdr and NumBuf. 
for the band has finished bein/r^a^ i„ .^TZ'TT^ of ttie band. When the comptessed contone data 
indicating that the memoor J^^^^^^^f^ ""SlTr" ^ *° and CPU 

band of contone data. "^"^ with the first band is now ftee. Processing can now start on the nejct 

for restarting the CDU betMSS^d^: ^ * ' ^ N^andEnabte. There are 4 mechanisms 

BytesLttstFetch registers, and sets NeJ^t:,^^, ^^"^'^^^ NextBandValtd- 
KTK *^ "'™°**^^«*°«'««e>u»6/e to restart the CDU. 

rent band. At the end of the ^ntCfSe rmf 
aheadyUtheCDUstartspro^i'^J^^^^^^^^ 

''S^ fo'rS^^ I^^T^ --^^^ ~--nds from 

the next band T^^^^^t^^^- "^ff f^*'*^ processing 
advanceandstoretheS^^^^LTaJi^^^ 
o.Thjs IS a combination of6 and c above 'r\^^x>r^J^ .t. . 
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22.5.4 Read control unit 



registers and sets the NextBandEnable bit before the «,h «f a 

current band the CDU sets DoneBandZAZ^^l i of the current band At the end of the 
already U the CDU starts proSnfti>TnSfSd^^^^^ ^ NextBandEnable 

mg agam. An intemipt is sent to the CPU byT^rZ T • * '^^^ <»«cod- 

resetbyn^eansofawritetoits/^^e^r^stertSSrew^tir^^^^ ^ould'then be 



receiving the data from the ^y^^^cS^cX^^TJ^Zx ^ ^ 

accesses to DRAM is described in section 20.9^ on pa^ S^^^ ""^ ^8 

by means of the state machine described in FigureTo? implemented 

All counters and flags should be cleared after res^t w»,«„ /- ^ - - 

Should take their inidal value. Wh^neS^^ seYSe S^'^v from 0 to 1 aU counters and flags 
rtwhether to attempt to readaband of c^™?r«sS2;to^/^^ 

doesnothing. When Done W is clear^^^l ^• ^ set. the state machine 

up to 256-bits at a time whiJe Se«1^' ^^J'^^'-f 

knowledge about number, of bl^o^rS^^^^S^L ""T:^ ''^'^ ^"^^ ^o 
by consecutive reads Item DRAM. TTie SuT,^^^^^ 

...c^^thepea^DRAMt^bandwidth^T^S^^^^^^ 

* "^S^TT^oT^^^^-S^^^^^^^^ con^. Signal sent to the 

* ^"j-'elJ^Vda^to^Snr^^^^^^ «n«al eHO«.n:e_«^. then 
.h^™^.^.3..,^,,-£^^^^ 

cw^^o«f«:«_«<4- is output to the DIU as crf«_rf«,^ad>: 

mcremented. ^ assenmg /-j/&»>.. ^Jifo_contents[3:0J BXid fifo_w_adrp:0] are both 

data fix>m the HFO. NoSnTal^: poSwf to b^t^^^ - "^^^ receiv" 

.st«to 1 . In this case data is sent LcUy f^rn^TO^ A*t^t7 ^T"^""^ BypassJpg reg- 
decoder is not stalled {jpg_cor^ stall eoLTl^^ ^ '° »^-Wock double-buffer. While the JPKJ 
a byte of data is ccnsiSfi ^y^Tfl^i^'^'arl^^^^^ ^^JPZJn^trb are both 1. 

next byte. The read address is byte alS^1^^L"!^^^:^-'^(^^^ incremented to select the 

. ^ "PP*' 3 are mput as the read address for the FIFO 




ignoTQ^data ^ o 
I reset ) 



Go c^Q 

odu_dlu_rreq « 0 



cdu_diu^eq « 0 
Ignore.data « 0 



< 



idle 



> 



cdu_dlu_rreq e 0 



req 



3 



fife confff /fifa . 
lOnore.datB « o 



<: 





Crfu ti^pfy — J 








vKMnojclaia • 0 







read 



> 



cdu_diu.rfOq.o 
Jgnore.<tata b 1 



Figure 101. State machine to read compiessed contone data 



22.5.S Compressed contone FIFO 

W»» '-d^J^-ul - I dirt,* l»«d, »d 0 if « i, u„ l„u,rf»r. 

sioiiofdies«ii«. ' ^"^ Is "ISO copW to 
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Si 



22.5.6 



• HFO (as ai. additiooal X. ofSs L'Su h^"^ ' impressed contone dau has been reS 
tone data must be more than 4 x S!bS:o^ 32 ?eS) '"^'"^^^ ""'^ 

CS61S0 JPEG decoder 

the CS6150 JPEG decoder co,« can run ax lB^ttS^^ , Mfe (Ainphioahave stated that 
wtach a gated venion of the system clock pclk. o'^^tii etc^^t^^^ ^.''^'^^^ "^^-^ 

JPEG decoder on a single color pixel-by-pixel basis !f l^'^f^ « mechanism for stalling the 

tte /-urOutE^u^ input to the JPEG <£^H^cJ^^°l^%f°'^ « P«»vidll by 

s;Tci^i^.s:^f£r^^^^ 

quantization tables. re^rtServal diSon^"^ bytestream contains data for the Huffman tables 
AeiPEGbytestreamautomSy 

lying the JPEG segments the decoder t^-^L^^Tifill^? ^enamxs. After identi- 

as appropriate. Any errors detected in theTj^dSSn^^ ZSZT^.r*' P^°*=««<i 
s^edand.ifanerrorisfound.thedecod^^^^^ 

sgi)ssrsroJr;2.rerj^^^^ 

Lmes (DNL) marker at the end (normally^,^,irS^!? J'CJ^.JT**' »^ * D«fi«e Number 

22.5.6.1 JPEG decoder parameter bus 

pe decoding parameter bus JpgDecPValue is a l /;-K;t ^ . ' 

fix,m the input data st,e«n and trendy ^ed by ttco^T^K. T"" ^^^^ P™^" 

mmes which internal parameters are disilaJS th! ^ ^ v'^" "*P"» CJpgDecPiype} deter- 

the pon does n^^fSitain ^nS?£s ^stl byTS^^o" "^'^ ^ 



Table 99. Parameter bus definitions 




FY: number Of Cnes in frame 



FX: number of columns In framA 



YMCU: number of MCUs in Y direction of t^T^::^Z:rZ::Z 
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Table 99. Parameter bus definitions 





0Q_XMCU[1 3:0] 



0x8 



0x9 
OxA 



Cs0(7:0LTq0I1 :OLV0(2:01 
^HOprOJ 



Cs3I7:0LTq^1:0LV3f2i0] 
.H3(2:0J 



CsH[15.-0] 



XMCU: number of McUslnX^,^ono;t^^ 



CsO: Identifier for the first scan component 
TqO: quantization (ab(e identifior for the firsi scan compo- 

vlT^T"''''^'^ fectorforthe first scan component, 

nent"^^^^^^^^ ^^^^ ^^"^^ «-P- 




CsVri5:0J 



000_HMAX12:OLVMAX(2: 
OL MCXJBLK[3:0LNS[2:0J 



Cs3. Tq3, V3 and H3 for the second scan component " 
V3, H3 undefined if N8<4 



CsH: no. of rows in current scan 



CsV: no. of columns in current scan 



ORi: restart intefval 



HMAX: ma)dma horfeontal sampfing factor in frame 

M^;^?^i^:!f^' ^"'Pfing factor In frame 

^ MCU of the current scan. 

NS: numberof scan components in cunent scan, 1-4 



22.5.e.2 JP£G decoder status register 

prst_n or by a soft i«ct of the CT^J TheT!^- T , v i *^ ''^ «>«ertiiig the ha«l xesrt 

hightoiJL.an^rt^S.'^^SL^^^^^^^^ 

is required from the user. If any of ^h^^^^ «° °° intervention 

ceUation. the core wUl disc^ il t^r^T^'l'^'nl^tt.^ 

more errors. °' '"'age (SOI) without triggering any 
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SI 



Table 10 .JPEG decoder status register definitions 




HtEnror 



QtEiror 



OecError 



kvften the initial setting for U^^^^mI o 4^ ff' " fffla/O/Vi. 
64klines. "^eHeight la 0. TJus is to eOa^ images longer then 



Set when an invalid OHT seflmeni Is detected. 



Set when an invalid OQT seflmem ia detected 



JpglnProg 



22.5.7 HalMilock buffer interfece 



Set wnen anyuting other than a JPEG marter is input 

Set when any of OecFlags[6:4] are set 

Set when any data other than the SOI martcer is detected at the start of a st«am 



to stall the JPEG decoder core ^ S^^^nt^fS^G u^JV ™^ *° 

pixel). We provide a mechanism for sS JPEG after 32 pixels (8 bits per 

Jpg-core^uxa is 1. The halfikbSXterf.^.^? decoder ..ore by gating the clock to the core wh« 
half JPEG blocks to dec^J^TEG SLXg'S^ SSJ^'STtf^i^^''^^ * ^ '''^^'^ 
DRAM(writecontroIunit)^atacomiJn^U^f bk^H^I^^^^^^ "^^^ ^ blocks to 
o.Jy.singIecoIorpla«e.Dataexits"^^^o,;^^^ 

I^bt^^rSoS^lSr^'^S-,r ^ 2 Single JPEG half-block buffers ^ some simple 



ipa_core_8tfllI ^ 



[dtc.enabie ^ 



pb«l.data . 



haff-bJock touftar inisrfaco 



half-Mock buffer 
select unit 



oontono 
*ar>e 
Br 



E 



64 



— rd_adv 



haif.biock,o<.to.#»ad 



Rguro 102. Block diagram of half-block buffer Interface 
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22.5.7.1 Half-blot^ buffer select unit 

Uris case, each bufre4aha.f5^bSi^32b^^ 

SLa'::S?!rJtr"ee'SaSUM^ of each ha,f-b,ock buffer: tuff^a^ufOJ and 

single bit i^_tu^ ,1 r'^r^iS ^'s " 

hal/_block_ok_to_read equals buffaZlMbX ^ "^^^P^ 

6«iLW/H.r_6«i7.WhenLco«S^/r^^^^^ value- y>«_co«^,«// equals 

*e production of pixels. "riJ^S^^gS i.So™?,^n ^^^^^^^ ^ «> « t«>V 

output from the CDU. When /cft^^i/!^, ^^J ,^^*^ ""'•''"""'"^ enable 
Vclk_enatle is the invLof.^^g^f "t^i^. ^hea Jclk_enable is 0. is 0 

S!c:^7^-£S^^:^„7t£n^^ r^-^JT is invened. 

memed wheiwver «Zc out valid OZZ J^^ ^^^^ ^'•^ core. It is tncte- 

pixei^cauni[4:0J is 31, l^ff avail TfflTL^u^^V' '^^"^ maximum value. When 
-/.ir.oi/Cva/u/ANDed>Uth&^ "nie output wr^en equals 

ANDcd with adv, of JP8-Core.stalL The output rd^en equals halfjblock ok to r^ad 



22.5.7.2 Contone plane buffer 

E^h^«)ntone plane buffer consists of two half JPEG block buffers 



as shown in block diagram fomi in Fig- 



rd_bufl; 



wr^buff. 



l>b«Ldata. 



)— - 


Bl fin ^ 

wr en ^ 


JPEG 
haif-Uook buffer 0 










) — 


«tl_en ^ 
pixol data ^ 


JPEG 
hatf-blockbuffori 








contone plane bcjffer 



otfu.diu.data{63:0] 



Figure 103, Contone plane buffer Interface 

I?^t 'SleS'T:^^ -i^^^^ «d a small amount of combinatorial 

•eced atthe first shift S^Z^^lliS^^i^^^'iTl S£ " ' 
.sterm64 bit quantities. Data isreadlJomthe^'L?^^^^^^^ 
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22.5.8 



Write control unit 

A line of JPEG blocks in 4 colors or 8 lin»c ^fA 

memoor arrangement as shown Fi'gure I W '^'^ " '''''^ " DRAM with the 

wntingtHedaUsothat4co.orco4:nents-a;i^oS^^S:^r^^^^^ 

ORAM 



4fjn0 



ORAM %vord p 
DRAM word p«4 



4Une 



ORAM word p«4n 

ORAM word q 
DRAM word q+4 



JPEG Mode 0 
lines 0 to 3 



JPEG block 1 
Ones O to 3 



255 


101 




127 


63 0 


a 


ILO 1 C 


•LO 


C 


LD 1 CfLO 


a 


LI 1 q 


Lf J 


C 


LI I c4li 


c 


12 1 C 


L2 1 


C 


L2 1 ciL2 


C3L3 1 C 


\l3 I 


— ^ 
CI 


L3 1 C0L3 



wordp 
wordp^-l 
worrfp4>2 
wordp4>3 



JPEGWockn 
Ones 0 to 3 



JPEG block 0 
linos4to7 



JPEG brock 1 
lines 4 to 7 



DRAM word q-Hin 




c*L4 1 c: 


!L4 t C 


u 1 a 


IL4 




15 1 C 


— 1 — 

L5 1 Q 


LS 


ck.e 1 c: 


L6 1 C 


IB t O 




C3L7I OS 


r — t-^ 

tt.7i CI 


L7 1 C( 


IL7 



wordq 
word q+1 
word 0^2 
wordqo 



► *'''P5®l*«64bHwrftestoconsecuti« 

In one ORAM rowTkSTSSS^ 
COU aooess to ORAM ^ 
CX*Cok>rX 

ly - Une Y or 8 bsrtas of a Bne In a JPEG btodc 



V - oics line 3 in word p+3 bits 63-0. 

block 0. color 0. line 4 in word a bite 63-0 n«« c 

f * oica 127-64, iine 3 in word p+3 bits 127-64, 
block 0. color 1, line 4 in word q bits 127-64 H— q < 

line 6 in word ^*2 ^LB"27Ui ^''■'^'^J*'- '''''' 

C8 127 64. Una 7 in word «+3 bits 127-64. 

repeat for block o color 2, block 0 color 3 

etc. 
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In SoPEC data is written to DRAM 256 bits at » Hm.. tk r 

CDU. U. the lower 2 bits ind!^ww2 1 witSuT^Ji^^^^^ ' 64-bit aligned addxess from the 
address the DIU also receives half a JPEG block rtS^I i„^^ '?° ^««> With that 

accesses to DRAM must be padded to 256 wt, nr 2 u- ^ bits over 4 cycles AU 

the individual bit ^te inpuHf 4e D^'^^'e^ Ul^^S'' masteTusi^g 
only 64 bits out of the 256-bit access tobtU^M^ Zt^^l^'^^ "'''""^ ^ ^« CDU 
by the DIU. niis means that the decompreSedco^o^ t^t the remaum^ bits of the write are masked 
wnte mask««, accesses to 4 consecutive 5^ S ,^Si"n2orr ' '^•'^''^^ 

block to DRAM. Once the halAblock SerT^ItJ^ • *° write a half JPEG 

"questsawrite access to DR^Sby^X'^'^^ * '^''^^^ ""^"^ state^S 
to the first 64.bit value to be ^^Tc^d^ ;::^Zt "^'^ «>'«^P«-<»- 

access of 4x64 bits is issued by the CDU Tht^DW^^J^^ . ^ ^^^it value in^ 

fourth 644,it values). n,e state machSe LJlaSVo ^^^ehTa^^^' "f^^lf ^^^^^ ^ anS 

mg a read of 4 64-bit values from the half-block b^erl^SX!^ acknowledge from the DIU before imtiat- 
PW cdu_diu_wvalid is asserted in the ^le aS aT-^ "'-'^ ^ ^<=1«- "Hie out- 

the cA_rf,„_^^ bus and should ^^^^^^f^r"" ^ 5^ ^''^ « P^^^t in 

as then sent to the half-block bufferrtS^ ^TSe 1^1^'° "'-'^-f^/Jlockpuls. 
should now be available to be written to agZ S,?^?^.? has been read and 

Tu^ J . 1 ne Slate machine then returns to the reaii^<^ cta»* 

•*»rea, output to DRAM 

// corresponda to Unenumber, onlv fi^.,. 

a issued for e»ch I>IWl^e« ihi"iL If T 

if (half « 1) 

// update half, color, block «o/i 
it <r4-«dv_half_block -V i,The„ 

write access 

if (half «= 1) then 
half 0 



if (color « maxjjiftne) then 
color e 0 



" p"sf „;:d;;:^^e''"" •^"^ writing a line of aPEG blocks 



block = 0 



-=--".^e^^^-^^^^^^^^ Of blocKs t-Ki„, 

x« (»pr_halfbloclc_adr == Zc7^na l^T^lt. ^""^ * 

upr_h«lfblock_adr = bu« fr!"f"!f^' 
elsif (upr_halfbloc)c -dr ! * ««>0>lock ♦ 1 

"P--h.l«>lock_adr-=tuf f^r"'':^* ' ''""-•n<S-«dr, then 
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else " wPr-naifblocK.adr ♦ max^block ♦ 2 

block 

upr^half block adr // ™^„^ „ 

else "«>^« to address for lir^es 4-7 for next block 

color 

else 

half = 1 

if (color == max^plane) then 

ie (Moc. =. „__bXoc., then /, en^ of „iti„, . u„e of „EG bloCcs 

eXslf (lwr_hal£blocK_adr * iwucjblocJc ♦ I^^k..^ J ^ 
el SO 

lwrJ«lfblock_«Jr - lwr_l«laiocK_««Ir ♦ Buu^bloclc * 2 

else 

Xw..HaafbIocK_... „ .^^^^ ^^^^ 
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odu.dIu.wreq a o 
odu_d(u.wvaDd ** O 



rd.adv. 



rd.adv - 0 



odu^dfu.wreq « 0 
odu_diu_«waKd a 0 
fidvttO 



{ reset ) 



idle 



c 



oau_dUj_wreq « 0 
cduLdlu.wvafid « o 
id_adv ■ 0 

rd_adv_hatf_hJock «> o 



req 



c 



> 



haff DKxif ok to m;';4^ j 
odu.dltovreq ■ 1 
cduudtu^wvaUdsO 

rtjHdv_halt.blockoO 



ack 



c 



3 



CBU_diu_«weq • 0 
cdu.dlujiwvafid i 0 
Rf_jftdv« 1 
«Ladv_halLbkx*» 



read 



c 



Gdu_dtM.%vroqBO 
odu_diu_*wvaDd o 
fd_adv« 1 

rd.adv.halLblod? 



wiitel 



3 



cdUjdIii_wreq o o 
aiu.dlM.wvBfid - 1 
«d_adV« 1 
«»-adv_halLbtock 



-0 



^ writc2^J 



c 



cdu_dlu_vyreq = 0 
odu.df u^wvaud « 1 
rdLadv ■ i 

nJ.advJ«rf,block- 



writeS 



c 



odu__dlu.wreq «= 0 
cdu,diu_wvaJ«d « 1 
fdLadv « 0 
<^^adyjialt.beocko 



writc4 



> 



odu_diu.«vreq - 0 
odu.daj^wvaiid » o 
fd.adv m 0 
«l»adv_ha!f.block. 
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22.5.9 Contone line store Interface 



CDirJTll^^J^^^^^^^ over the shared resource i„ 

The contpae line store mcrZ pro^s ^eZ^V^^^ line-at-a-time. 

write to. Thus the size of the line stor^n DRS^ZSi^f ^ ^"^..^'^^^ for the CDU to 
Une store interfece is 8 lines. prowSg a skii^b^^ J5f i " ' f ^ of the 

scheme wWle 16 lines pro.i^l:^^l"S;^Z «cl2 lines for a 1.5 buffer 

S^t D^rn^^^S tottfttc^\r^*:f^^JL^.~"-^^ °f "-b- Of lines 
set to the value of numjbuff //^ T?.e CW^v or^SL^t r*"^^" ° ^' '•««'-'««-«va// is 
available for 8 lines, indi^red v^cTt^lL^^ L^ T* *" ^ " ^a<« 

writing 8 lines, the M;rite conSl^t se.^ ^-^^^J^^^^ " "^"^ C^^" fi~^ed 

l'"''^'^re_olLto_wraeioh^stt^^^^i,rL!^i^' ??"'^<>' then waits for 

Priately.and sends its own nfarfvSito&lSD^^^^^^^^ 
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23 Contone FIFO Unit (CFU) 



23.1 Overview 



c?n:ufrS L^DI^S^n^^^^^^ decomp^ssed contone data layer from the 

color inversion in ^A^^^^o^^^Z^Tn'^l^'^'r: """^ *° followed'^by opS,^ 
fonned in the horiSntal JveSri^^o^b^cS^Sl;!"!" ^^^^^ o^<^ Pe- 

pnnter resolutioa Non-integer scaline is ^rZ^L-uu f !^ *° °«ttctes the 



23.2 Bandwidth requirements 



Sc^pTn^^'SS^ l^ctlTt^" ^'"^.T^ - ^ ^-^on and Y scale 

tion is pcrfonned by the CFU rSS^g S^h H^l a n^^21?r "P"*^'**" ^ 

DRAM. The HCU generates 1 dot (bl^el '^"^ » Y-scale factor, from 

I side per 2 seconds for^bleS A^Sr ox^S^^^^ '° ^'^'^^^ P""* ^ed of 

color contone pixel (32 bits) e^^ SF^i*^ wl^u^i^^^^^^ '^^"^ *° «»PPlied ^th a 4 

from DRAM at SJ3 blts/cycl^ ^ '"^"^ ^ « ^67 ppi the CFU must read data 



23.3 Color space conversion 

^eS^oteXTSISl ma^: "TS'^ T "'^^ *e case if the color represented 

and K. directly^ ^^^e^ted by cSc ^ ?S So"^"' '"''y ^^C. M. Y. 

multi-SoPEC prining with exL col«s ' ""^ 8^ ete. 

i^c'K^S.'^S?^^ visible quality when luminance and chrominance 

luminance inf^atiS^aSl^^„^„t ^r^^^ be luminance. .but C. M and Y each contain 

fote pn,vide the means by ^l^ct^^ttp:nr^pTc^^ T "^^^ 
sion. lo oorc<^ as YCiCb. K docs not need color conver- 

to CMY. ^ ^^^^ ^^"^ " *en color converted to RGB. and finally back 

The external RIP provides conversion from RGB to YCrCb snecif?r^Ji„ . i. 
•mplementation of the immerse transform within SoPEC ^S VnT^^ ^''J^ ^^"^ 

axe nonnalized to occupy all 256 levels of an 8-bit bSy^,^^ ^'^"^ ^b 

The CFU provides the translation to either Ran r^r n\jr^ or^o • . ^ , 



1 . 32 bits / 6 cycles = 5.33 bits/cycle 
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1 color plane, no color space conversion 

• 2 color planes, no color space conversion 

• 3 color planes, no color space conversion 

• 3 color planes YCrCb. conveision to RGB 

• * color planes, no color space conversion 

23.4 Color space inversion 

nmy be used to provide p W correlation of^SZ^^"^"'' to CMY a»y be finalised, or to 
^C-25S.^i^ conversion is given by the relationship: 

• M = 255-G 

• Y-255-B 

Th^„tetio^ps^uirethepageRIPtocalculatetheRGBfh,n» 

• G-255.M 

• B=255.Y 

23.5 Scaling 

«nted by a numerator and a denonu^roSys^^^^^ ^T^'^, "f^""* ^* ^= «Pre- 
should be greater than or eaual to t^^^Z^ZLT^"^ me p«el data is allowed. i.e. the numerator 

the„^„.eratorisprogra^^edas5andrSSS;SSne^^^ 
Scaling IS implemented using a counter as descriheHJn A- j ^ ^ . 

ated to move to the next dot(x.scaling) or Un7(y^^^, Pscuaocode beloxv. An advance pulse is gener- 

if (count * denonanator - numerator >= Q, then 



else 



count = count ♦ denominate 
advance = o 




23.6 Lead-in and lead-out cupping 



i>^t™,;rnr(L^=^T-;.rj^~;r.t^^^ 
r/s.^c°;i*rriS;-rjir^zLi,^^^^ 

block n below) will be die last JP^bl^Sth^in^^^^ 0°^^%*^"™^ ^ SoPECs (JPEG 
Hne printed by SoPEC M2. Pvca^S^^MG:!"^'.^^^^^^^^?^ ^ '^^f "<x* - the 

ately setting the UadOutClipNum. Pixels in this JPEGhln^^J } ''>' Wropri- 

at the beginning of each line The n.^ o^.Srff,r^ J!? *2 must be ignored 

LeadlnaipNum register ^ '^"'"^ " '>^'^^ « specified by the 

It may also be the case that the CDU writ^« /^nf w*^*-. n>Bi-« 1.1 t . 

as shown for SoPEC U2 hcZ. to^s^Ae X T^r*^ " *° ^'^ CPU. 

spond to JPEG block m but the wduL f^h^L^ i MaxBlock regmer in the CDU is set to cone- 
block «.A TTius T^^O^^TX^'^^Xc^^^ in the CPU is set to correspond to JPEG 



SoPEC«1 
leatf-lnaiea 



SoPBC#2 SoPEC t1 
leacf-n erea ^ leatf^ aroa 



SoPEC #2 
Jead-outi 




SoPEC #1 prints left 
stde of page 



SoPEC #2 prints right 
side of page 



Figure 106. Lead-in and .ea^out clipping of contone data In muW-SoPEC environment 

Ung,H register defines the sSe ofte^S S^^orleL^" "<-^lne- 
trols the scaling of the last valid pixel S?S»o AeSSS 
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23.7 Implementation 

Figure 107 shows a block diagram of the CFU. 




_ Contone 
Decoder Unit 



Cb cr T fc- 

color space converter , , . 

^ cpl cpO ^ '^^coto^rPtege 



fTTT 



configuration 
registers 



output 
dout]le^xiffer 



>'8 



wr_buff. fdbuW 



_wr,en. fd_en 



16 



'e ^8 ^8 - 
I 



3/3 





P V 


1 ^ 

^ tlneS ok to read 


^cxMitone 
line store 
interfEu:e 





X-ecaRng 
control unit 



8 ^ 



Contone 
RFO Unit 



I 



Halftone/Compositor Unit 



PEP Controller Unit 



Rgure 107. Block diagram of CFU 



23.7.1 Definitions of I/O 



T^m! )^^-^^PQ^ tlstandi description 



aocks and reset 



pcu_cfLr_seI 



5fti-pcu_data{3 l .-Q] 
DIU Jnterfeoe 



dhi_cfu..jack 



ctu,diu,iad>pt:S] 



diu.cfii.rvaltd 

cflu,data [63.'01 
CDU fnterfaco 



HCU Interface 



cfu_hcu_avail 



cfu_hco_c0dataf7.'01 



cftj_haj_c1 datap.-O] 



cfu_hcu_c2datar7:0] 



32 



32 



In 



In 



in 



Out 



Common read/not«wrtte signal from the PCU. 



^ address bus. Only 5 bita aia required to decode the" 
address space tbr tfrfs block. via 



^T^J^f cftcpci/./dy Is hlQh it Indicates 

pou^^teouf has been registered by the block and for a lead 
cycle this means the data on ctu_p cu_dala m valid. 
Read data bus to the PCU. 



17 



64 



Out 



In 



^!:!J^ '^".^^ ^ request must be accom-" 

panied by a valid read address. 



Out 



In 



In 



Acknowledoe from DIU. active high. Intfcates that a re^ 

placed on the address bus. c/bLti" 



jilujmdr. 



CFU read address, 17 trfts %«de (2S6-bft aCgned word). 



Read data valid, active high. Indicates that valkf reed data iT 
now on the read da ta bus. diujcSata. 
Read data from ORAM. 



In 



Out 



^ !!2f ^^n^ '"^^ that the CDU has fin^ 
tehed wrtfing to 6 Dnes of decompressed contone data to the dr- 
buffer In DRAM and the data is available to be read by th^^ 



r«t^l^! n Indicates that the CFU has finished 

reading a One of decompressed contone data to the circular 
buffer In DRAM and that One of the bufter Is now frea 



In 



Out 



Out 



^^'^!^^^ ^ "^'"^ P'^* data on 

-^^-^^^^^^ ""^ '•'^ ^ P'a** ^e next 
ptxei on the data Irnes. 



Pixel of data In contone plane 1 . 




S3 Proprietary Document 



29 2002 
Page 291 



SoPEC : Hardware Design 



J3 



23.7.2 



Configuration registers 

The configuration registers in the CFU are .projnammed via the Prir;«»-^ d r 
page 257 for the description of the protocol ZJ^nT^T ^ ^f*^ ^ ' ^ ^ 

CFU. Note that since aM«ses in sS^Tl^™«?,f^ i^^'^'V''^ '^'^ ^^"8 i" «he 

and writes, the lower 2 bits of ie PCU JS^S ^ • "^^^ ""^^ ^PP*"*^ ^^-bit register reads 

bit(s)of^^c«Jra.T?ecooliS^^:^3^^,?J^ 
Table 102. CFU regfstere 



0x04 



Setup reglstere 



Qo 



0x1 



0x0 



A write to this reqlster causes a reset of the CFU. 



Writing 1 to this feglster starts the CFU. Writlna 0 to this 
register hate the CFU. 

When Go fs deasserted the statennachfnes go to meir 
W!e s^tes but afJ counters and configuration registers 
keep their values. 

When Go is asserted afl counters are reset, but configu- 
ration registers keep their values (I.e. they don^ get 
reset). 

The CFU nrujst be started before the CDU is started 
This register can be read to determine tf the CFU Is run- 
ning 

(t • running, 0 - stopped). 



1 0x10 


MaxBlock 


13 


0x000 


Number of JPEG MCUs (or JPEG block equivalents. i,e. 
8x8bytes)inanne-l. 


1 0x14 


BuffStartAdr 


"is 


0x0000 


Points to the start of the decompressed contone circular 
buffer In DRAM, aligned to a half JPEG bk>ck boundary 
A harf JPEG block consists of 4 woids of 2S64)its. 
enough to hold 32 contone pixels In 4 ootors. I.e. half a 
JPEG btock. 


1 0x18 ■ 


BuffEndAdr 


"is 


0x0000 


Points to the end of the decompressed contone drouiar 
buffer in ORAM. aGgned to a half JPEG btock boundary 
(address is indusfve). 

A half JPEG btock consists of 4 words of 256-bits. 
enough to hold 32 contone pixels In 4 colors. I.e. half a 
JPEG btock. 


1 OxIC 


4LineOffset 


13 


0x0000 


Defines the offset between the stan of one 4 Une store to 
the start of the next 4 line store. In Rgure 108 on 
page 294. if Sa/Sta/tArfr corresponds to line 0 block 0 
then BuffStartAdr + 4iirieOffiser corresponds to line 4 
block 0. 

This register Is required in addition to MaxBJockAs the 
number of JPEG blocks In a line required by the CFU 
niay be different from the number of JPEG blocks in a 
line writton by the COU. 


j 0x20 


YCrCb2RGB 


1 


0x0 


Set this bit to enable conversion from YCrCb to RGB, 
Shoukf not be changed between bands. 
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Table 102. CFU registers 



0x24 



0x2d 



0x30 



0x34 



23.7.3 



InvertColorPlane ] 4 



HcuUneLength [ is 



0x0 



0x0000 



LeacfOutClipNum | 3 



0x0 



XstartCount I 8 



YGcateOenom 



0x00 



bttO - 1 (nvert cotof pfane 0 

' 0 do not convert 
biti ' 1 invert color piane 1 

- 0 do not convert 
brt2 - 1 Invert color pfane 2 

- 0 do not convert 
bits • 1 Invert color plane 3 
Should not be changed between b ands. 
Number of contone pixels - 1 in a fine (after scaling) 
Equals the number of /WK.cftcdWadif pulses -1 
recefved from the HCU tor each line of contone c 



>data. 



Number of contone pixels to be Ignored at the start of a 
fine (from JPEG block 0 in a fine). They are not passed to 
the output buffer to be scaled in the X dTfietinn 



Number of contone pixels to be igriored at the end of a 
nne (from JPEG bfocfc MaxBlockUi a line). They are not 

passed to the output buffer to be scaled In the X direc- 
tion. 



Value ID b« loaded at the start of mery floe Jnto the coon- 

ter used for in the X direction. Used to oonirol the 

scanna of the fltrt pixel in a Bne to be sent to the HCU 

Th« vahje %vai typhaOy be zero, ewsept in the case where 
a number of dots are dipped on the lead in to a Hne 



Storage of decompressed contone data in ORAM 

Tie CFU leads decompressed contone data from DRAM in single 256-bit accesses JPEO hl„.v. «f 

decompressed contone data are stored in Hr am xt^tu a- ■"o-oii accesses. JPEG blocks of 

is in orfer to optimize aS^LTrSs bv^^^rA^^t^ ^'^♦^ ^ airangement 

in each 256-bit DrSi wort Se^, tlT^/^^r^^J^^.'* components are stored together 
256-bit DrZ ^s that the CFU reads 64-bits in 4 colors from a single line in each 
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:i3 



4flne 
store 



ORAM «vor(f p 
ORAMiMtxdf>^ 



DRAM 



DRAM word p+4n 



^ ORAM word q 



DRAM word <^ 



4 tine 
stofe 



ORAM woidq44n 



JPEG block 0 
tines 0 to 3 



JPEG block 1 
Unes 0 to 3 



JPEG brock n 
HMOloa 



JPEQ block 0 
Ones4to7 



JPEG block 1 
Jlna$4tD7 



JPEObTockn 
llne$4to7 



255 




127 


ja 0 


C3|0 


1 C2L0 


1 ClLO 


• COLO I 


C3^1 


1 C2L1 


1 C1L1 


1 C0J.1 1 


C3^ 


1 C2L2 


1 C1L2 


1 Ct)L2 




UC2UJ 




LJQDL3 1 



2SS 



191 



127 



63 







CIM i 






C2L5 1 


C1LS 1 


COLS 


C3^e 1 


C2LB ( 


C1L8 1 


C0L6 


CS^7 1 


C2L7 1 


C1L7 1 


C0L7 



wordq 
word q>l 
word q+a 
wordq^a 



ImpOes one 256 bit read of a word in DRAM 



CX-ColOfX 

LY - Une Y or 8 bytes of a line in s JPEG block 



Rflur^ 108. DRAM storage arrangement for a single line of JPEG blocks in 4 colors 

in 4 colors from DRAM. The read sequence, as shown in Figure 108. is 



The CFU reads data line at a time 
as follows: 

lino 0. block 0 in worxfl p of DRAM 
line 0. block i In vord p*4 of DRAM 



line 0, block n in word p^4n of ORAM 

(repeat to read lin« « number of times according to scale factor) 

line 1. block 0 in word p*l of DRAM 
line 1, block 1 in %#ord p+5 of DRAM 
etc 



becomes available for iTc^to ^teT ^ ""^^ ^ 

23.7.4 Decompressed contone buffer 
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23.7.5 Y-scalmg control unit 



DRAM in single 256.bi< acoesses. ,S« SSfiZS, JS,, ^f'? """" ftom 
Tke p^ocol ^ Bnj.^ f„ r"">'>^<^"»(M-i<sp« cyclic 

that writes are to occur to. » occur from, and a angle bit (m-Jbuff) for the cunent buffer 

buffiok_to_H'nte equals -buffiavailfwr buflj When a M/r i • 

•s set. and wrjbuffi^ inverted. WheneveT dfJwZii^^I^^f^'^ «s received. buff-_availfy»-_bujff 
of dam from DRAM to the.buffer selecSdtjl^iStSS IJr!^'^ " *° »^ 

nL«nand«0«/getsincremeat^topl.inirL ;^viu^^^ the buffer by asserting 

^te the data to the output double-bJff Se ^^ILT^^ h ^ ^ 

bUl andnCen isass«ted.*^fil«v«//^tf_47tsS^d^^^ ^ 

^ P^^/tSr^^l^e'^'^^^ '^or. before the CPU moves 

d«rectioo is thus performed. •™P~«e<i contonc data. Scalmg to the printhead resolution in the Y 

It assign read address output Co ORAM 
Cdu_diu_wadrt6:5) = linetl:OJ 

" i£M^JSu'fe ^ -<^~— -^-^-r each owm read access 

" ^rLT/o - - — n« - line oe co„.o„e i„ up . 

// check whether to advance to next lir.» 

" <y_scale_count » y_scale_de„o« - ^ sLtf r^f"^ ""^ 
y_scale_count . y.scalo count ♦ y Jcr?e^2^ 
pulse RdAdvline y-Scale.denoni - y_sc«le_nuii. 

___^J-Uine 3, .Hen . , ^^^^ ^^^^^^^ ^^^^ 
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line 



line st«rt_adr = buf e,8tart_a<ir 
elsif ((line_scarc_adr ♦ 41i„a 

curr^lfbXoeJc = bu£f_st,«-rS " »>"«-«nd_adr) ) then 



1 i ne_s t«r t_adr 



else 
line 

curx_halfblock 

else 

// re-read current line from DRAM 
y^acale^count = y.scale count ♦ v fi^-*i« 
else = line^star^Id^ ^-««^«-<««n<«n 

block 

curx^halfblock 
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cfu_diy.rreq o o 

[reset J 



Cfu.diu.rrao » 0 
wr_adv_buff « 0 



idle 



3 



I <iujdhtjn 



I Cfu_dii4_frftq m o 



c 



req 



c 



> 



5fl pfc tf> wrftft 

wr^seiaO 



ack 



c 



3 



cfu^dhj^rroq « o 
wr_8e!«0 
wr.adVLbutfBO 



readl 



c 



3 



cftj_(&j_rreq • o 



read2 



c 



Cu_<rfM_rreq » o 
wT,advjbuff = 0 



reads 



c 



3 



cfu d|u_rrBo a o 



wr.sel-»2 
wr_adv_btrff e 0 



read4 



> 



wr.sel ■ 3 



Flgu^ 109. State „«chine to n,ad decon^pressed contone data from ORAM 
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23.7.6 



23.7.7 



Contone line store interface 

TTie contone line store interface provides the m«>h! ^"'"^P'f ^e CFU reads them line-at-a-time 

CFU may continue reading from DRAM ilAc^JZ ^■^-J"'^-^<'il is incremented by 8 Ae 

set while buffJines.avaSi^l'^^^lX if-'^r'^fl' ^ re^ 

ftom DRAM, the Y-scaling STmrs^^SST"? '1'^ '"'^ of co'nt^^a 

C^U.^..heUr«.thehu.erl„oSS;^:-^^^^^ 

Color Space Converter (CSC) 

o^^o^-srsr^r/^^^ 

latency of convert YCWnfto ROB bS^^S^^^T^ R<^B Note that Z 

plane as it bypasses the blodc. »^ equalized for the 4th color 

^^or^T'ZZ^'^^'^^^T control of 

^-^/GB. ««<1 '«««-<»V^fa^S^sI^fr,tr^/'^^''*''' can be set to 1 to convert 
unchanged «n oc set to 01 H to then convert the RGB to CMY. leaving K 

Pl««. sothe^utp^^^-^Sif^^^ 
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Figure 1 10 shows a block diagram of the color 



space converter. 



Cr 



Cb- 



color space " 
converter/Tfiverter 









M 


1 8 




— 1 7^ 




1 0 






> 



"Cj — 

^^^Tf l(bitO) 

7^ 



8 
■7^ 



r?~rrT — 



YCiCb2RGB 







CPO 



>Gp2 



>cp3 



'nvet.colof.plan 



23.7.8 



Figure 110. Block diagram of color space converter 

version is unplemented as follows- ^' ^ " maintained with 18 bits. The con- 

• R'-=Y + (359/256XCr-I28) 

• G'-Y-(183/256XCr-I28)-(88/256Xa>.128) 

• B* = Y + (454/256XCb-128) 

'^*» ^* are rounded tr* ti^** -^.^^ • 

X-scaling control unit 

S:^S^n^?uSt^t^^eti',^*^;S^^^^ color space convener and the HCU. The 

the for keeping track of^^^ZZ^^^"^ ""T" P«>-<i« 

reaa from untU it has been written to. ouneis. and ensures that a buffer cannot be 



1. -179 is saturated to 0 

2. 135.5, with rounding becomes 136. 

3. -227 IS saturated to 0 
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if (wrodv ^= 1) then 

else 

Pixel^count ♦+ 
if ( (Pixel.count < le«din_clip_num) 

OR (pixel_counc > ((max block Kim . ^ 
wr.en = o « t™«_t,ioc>t.bUl) - leadout_clip_num) ) ) then 

else 

wr_en = l 

When a «.r_«i puke is sent to the outout double-buffer A..^ -.r 
The output c/uHcua.ailcau^ Bui 

fi«t Pucel is scaled by. hcujine_length snl^^X^t^^LT^' ^"""^ ^'•^^ ^ 

Une that « sent to the HCU is scaled by. '^-'^-'^"^ control the amount by which the last pixel in a 

if <hcu_cfu.<Jotadv - Ij then 

»C (x_acaleL.ceune ♦ jcseale <lan«m 

x^scale_cou„t - ^^^l:^' 
rtUen « i ^ «x»c ♦ x_sc«lQ_denora - X-scele_num 

else 

X_8cale_count - K.sc.l^co«„, . ^»cale_de„o« 

else 

X-ficale.count » 3e.scale.count 
rcLen » o 

received, then a rd_en pulse is gemated to'p^ent Tt^L f:^^"*'* ^ * Acu.cyS/.^for^^v pulse is 
reset to 0 and x_scale_count is loaded v^bx^i^n^^ ^"^^ ''or_adv_caunr is 
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24 Lossless Bi-level Decoder (LBD) 



24.1 Overview 



pass-through mode is provided for ^l^ZSS Ten n^W f "T"'*^ ^^^'^^le. A 

50:1. Lossless bi-lcvel con^i^sion L^^^a^fr^ f tert compresses with a ratio of about 
which compress poorly. « 20.1 with 10:1 possible for pages 

Z^ZVls^'^Zl F^^uStl^t^^r' <^ ^« <^'nP-ed bi-Ieve. data is 

unit) for the next «ic in U^f priS' "el^eX^^ *° ^^'^ "^^ (Halftoner/Composito 

is used by the PcS^d is avaSS^ 'Jf fnt^^oTcIS '"^"^ " '^J^^^ control 4 that 



ftxUinfshedband 



31 



ORAM 
intectuftUnit 







— 


PCU 


< 


LBO 












24.2 



Flfluro 111. High level btoek diagram of LBO In context 

Main FEATURES OF LBO 

Figure 1 12 shows a schematic outline of the LBD and SFU. 

^J^^^g'Ts^p I d^. If possible we would lilce to support 

at 1600 dpi. *^ ^ "° therefore be long enough to store a complete line 

^'n^^^^^^ This th^ughput capability is retained for 

PECl LDB outputs 16 bi pa^\"^t^^°'^S ""^I" °''>' ' "rhe 

the LBD in SoPEC can run much fast" thS fa rSLZI : f SoPEC. THeiefore 

processing latency, to be absorbed for allowing stalls. e.g. due to band 

gnunmed number of bits.tSc^^^^T The ""^^ " P«-P«>- 

Icngth code. foUowed by pass through. nm-iength code is always executed as a run- 

» . p.^™-™--. ni?s^i:?^ssT!z?^ ".^i? ""^i' ' 
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Kbytes of storage. 1.7Kbytes of storage. An A3 line of 19488 dots requires 2.4 

The compressed spot data can be read at a rate of I W^^i *> 

nipt. ^ ««d IS addiUonaUy available to the CPU as an inter- 




ORAM read 



AIIRFOs are 64 bytes 
(twice the ORAM data 
word width) 



ORAM write 
ORAM read 









1 


rrr— 2 


r 


|MCU 



Rflure 112. Schematic outline of the LBD 



and the SPU 
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24.2.1 Bi-fevel Decoding in the LBD 

length encodings. Tl.c .ncoJ^Je H^n TSof^ ^-^l^S^"' ""^ 

^^^^ 




number of bits. v*ichever is shorter. TT.e^i^,^S t^S^T^ °' ^ " P'*-P«)»ammed 

followed by pass tbxough. Tie pass tfannXSTcS? a mth^''^'^ ^ " """""'S* ~<^. 
aanorequalto31. ^^^^*"*'"*™"™'«>«*nin-lengthwithanmofless 

IN I**!** 1^?^' "'"^ ^'^^ encodings 




Long VVHIteRunrenoth I.J 



Medium Whfte Runlength with RRRRrrrr . 
Enter pass through 



Long White Runtength (is bits) 
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i3 



To enter pass through mode the LBD takes advant*.*^ ^p*u 

of the nmlength pair is less than or cq^ to Int^oddt ^ 7/'^'^. ^ "^-"^ 
Ac coding scheme of Table 104 it is still C o S i?!. a " "^l^" '^"^ '"^er 

been designed so that if a short rxmlength ySis<^^Jl-^,J^''^ or long mnlength. n,e LBD has 
command containing this nmlength ifd«^L l"'*^!!" "^«°«* once the horizontal 

mode and the bits following th^^Zsl^Z^ ""J^ »° P^s throuS 

either a programmed numbfr of bte o^e ^^T^J"^ ^« «f *>its to paL throu^ 

.odeiscompletedthecurrentcoloris^.rs^^2-^-X^^ 

24.2.2 DRAM Access Requirements 



Table IPS, DRAM bandwidth requirements 



Ofroction 



Maximum number of 
eyelet bet«veeneaeh 
2564IK ORAM access 



Peak Bandwidth 
(blts/cyde) 



Average Bandwidth 
(bita/leycle) 
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24.3 Implementation 



24.3-1 Definitions of lO 



Table 106. LBO Port Ust 



Clocks and Re<ets 



In 



17 



In 



In 



^^^^Q^ from DfU that read request has been" 
KSa^ new read address can be placed on 



Data from OIU to SoPEC Units. 
Rrst 64-toits is bits 63.-0 of 256 bit %vord 
Sj^d 64-bfts Is bits 127.-64 of 256 Wt word. 
TOfd 64-bits is bits 191:128 of 256 bit «vord 
R>ufth 64-blts is bits 255:192 of 256 bit word 



pcu_addrfS:2J 



pcu,dataout(3iK)l 



lbd_pcu_ 



pcu^rwn 



pcuJbcLsel 



In 



Out 



^iTnTV^l^''^^ Fbra write cycle this 

tor a read cyde this means the data on UxLpcu datain is 



lbd_sfu_ad v»ne 
"xJ^sfujladvwofd 



r^n-l!!?!^ 'n<«featinfl SFU has previous line data 
avanable for reading and to also ready to be written 
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Table 106. LBOPort Ust 



SoPEC : Hardw are Design 

24.3.2 Conflguration Registers 

Table 107. LBD Configuration Reglstere 



S5 



Control reglstere 



0x00 



Reset 



0x0 



A write to this register causes a reset of 
the LBD. 

This register can t>e read to indicate the 
reset state: 

0 - reset in progress 

1 - reset not in progress 



Wnting 1 to this register starts the UBD 
WrWng 0 to this register halts the LBD 
The Go register is reset to 0 by the LBD 
when it finishes processing a band. 
When Go Is deasserted the state- 
"lachines go to their Idle states but ail 
counters and configuration registers keep 
their values. 

When Go la asserted ail counters are 
reset, but configuration registers keep their 
values (I.e. they don't get reset} 
The I3D should only be started after the 
SFU Is started. 

Tlhis^aister can be read to determme If 
theLBO'lsniraiihg 
(1 ' running, O- stopped). 



UneL^ngth 
P^ThioughEhabfe 



PassThroughOotLength 



0x0000 



Width of expanded bi-level One (m dots) 
(must be a multipfe of 16 bits). 

Wrtting 1 to this regteter enables pass- 
through mode. 

Writing 0 to this register disables pass- 
through mode thereby making the LBD 
compatibie with PEC1 . 



Number of dots for %vhlch pass-through 
mode win last If the end of the line is 
reached first then passthrough wHi be disa- 
bled. 



0x18 



NexlBandCunrReadAdf(2i :S] 
(256-bH angned ORAM address) 



0x0000 



Shadow register whteh is copied to 
CurrReadAarynten (NextBaiK/Enabte » ; 
&Go^ 0), 

NextBandCunfteadAdr ts the address of 
the Stan of the next band of compressed 
bi-level data In ORAf4. 



Shadow register which Is copied to Unes- 
Remaining when (NextBandEnable » 1 & 
Go 0). 

NQxtBandUnesRem^mlng \& the number of 
lines to be decoded in the next band of 
compressed bi-level data. 
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Table 107. LBP Configuration Registers 







mi 


m 

mm. 








- 


1 uxu 


5>nadow regfster which is copied to P/bv* 
UneSource when (NMBandEnatite I 
& Go&«0). 

1 - use the previous fine read from the SFU 
for decoding the first line at the start of the 
next band. 

0 - ignore the previous Une read from the 
SFU tor decoding the first One at the start 
of the next band (an all O'a fine is used 
instead). 


j 0x20 
j Work registers (re 


NextBandEnable 
ad only for external access) 




0x0 


{NoxmandEnaUe » 1 & Go O) then 
'NoxtBandCunReadAdrls copied to 
CunfReadAdr, 

'f^^QxtBandUnesRemaining Is copied 
to UnesRemaining, 
'NextBandPmvUneSource copied 
to PfBvUneSoarce, 
'Go Is set, 

-NextBandEnable is cleared. 
To start LBD processing NexmandEnabto 
should be set 


I 0x24 
1 0x28 


CurrReadAcfr(2l.-5J 

<2S6-liit aligned DRAM address) 


17 




The current 256-bft aligned read address 
%vlthm the compressed bi-level Image 
JDRAM address). Read only register. 


1 Qx2C ■ 


UnesRemaining 


15 




Count of nuniber of lines remaining to be 
cfeooded. The band has finished when this 
number reaches 0. Read only register. 


0x30 


PravUneSouroe 


1 




1 - uses the prevtous line read from the 
SI=U for decoding the first line at the start 
of the next band. 

0 - ignores the previous line read from the 
SFU for decoding the first line at the start 
of the next band (an all O's line is used 
instead). 

Read only register. 


1 0x34 


CurrWrfteAdr 


15 




The current dot position tor writing to the 
SFU. Read only register. 




RrstUneOGand 


1 




indicates whether the current line is con- 
sidered to be the first line of the band. 
Read only register. 




24.3.3 



Starting the LBD between bands 

^^^^^ mechanisms for itjstartmg the LBD between bands: 
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c.pcPCU IS programmed SO tliat/60^««Ac*&a/i^triee^^ 

SO the LBD restarts umnediately. Simultaneously. ibdJinishedbandtnatets^Jp^^^ 
commands from DRAM. The LBD will have lesUirtedC the t^TSSTht f.S^J? 
mands ftom DRAM. The PCU commands proinam tite LBD^^L^^^ 
BandEnable for the next band ^^"""^ '"^^^'^'^ 
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24.3.4 Top-level Description 

A block diagram of the LED is shown in Figure 113. 



ORAM Interface Unit 



i 



J. 



lotsim bl.levti 
decoder unK 



Stredin 
Decoder 



2> 



^pass_thix)uoh_doClenflth 



pass.ttm>uflhL.enablB 



pfey,ttne^«ouice 



f^OQbter and 



_ llnes^rematnfno 



ftiejengm 



Command 
Controller 



15. 



8 



15 



aO , 



_ted^flni5hedband 



Next Edge 
Unit 



Line Fin 
Unit 



End of Band 
Unit 



1 ^bd.gfti^pladvwDn j 



<ftcttNLpidata 

-f— — 



sfu_n d^rty 



data 



Idb^tftuadvllne 



datavaOd 



1g lbdLgfu,wcra^ 
'«Kdatavanc 



Previous 
Une Buffer 



SpotRFO 
Unit 



Next 
Line Buffer 



ngure 113. Block diagram of lossless bMevel decoder 

The LBD contains the following sub-blodcs: 



Tat>le10a. Functional sub-blocks In the LBD 



Registers and 
Resets 



Stream Oeooder 



Cornmand Controller 



Next Edge Unit 



Une FUt Unit 



Awewesme bWevel descrtpfion from the DRAM throuflh ttw DIU Inter, 
face. H decodes the bit stream Into a command wi<h arfluments wwS i, 
then passes to the command controller. oumems. wmcn it 



unit wih a Dmft address and color to tin the SFU Next Une Buffer it 
provides the next edge unit «artin« address tot^TT IfJ'J.lt"" 



me next ed^of a color prevMed by the command controller The next 
edoeunit outputs this as the next cunent address back to tf,e com^ 
oontmner and sets a valid bit when this address?s a?l nTw i^^r^ 



^rt ?r Buffer with a color from Its eurrem address up to a ' 

emit address. The color and Pmit are provided by the command conl^oMef 
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Naming of signals and logical blocks are taken from [18]. 



24.3.S 



24.3.6 



Registers and Resets sub-Mock description 

previous 

pressed data stream. requesnng data from the DIU and commence decoding of the com- 

Stream Decoder Sub-block Description 

the empty space created by the b^l ISS^^SK^ ^'^ to fill up 

mU>acommand/ar,umen^U.whicht'tS^^Stt^^^ 
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A daiailow block diagram of the stream decoder is shown in Figure 1 14. 



ORAM hnatbce UMi j 




Rgura114. Stream decoder block diagram 
24.3.6.1 OecodeC . Decode Command 

The DecodeC logic encodes the command from bits A «f a- i.-. 

mands: SKIP, VERTICAL and RUN^^TH u^!^^!^ *° °«P«* of com- 

consim^d. which feeds back to the blScfSfft 11^^!^ Wts were 

as a medium nmlcngth this teU theTt^ D«i2^^^ r''"- f 'ess than 3 1 . encoded 
length is decoded completely the LBD^eWSS ^^,r» ^T'f'. '^'^'^ «>«»^°i^ ^ "m- 
be a number of bits tha^represent ^^^^^^^'(l^'^'l ^oW^^^ the runlength there will 
all these bits have been decoded suc<^^r^st?- JS^f; ^" «4^-"«Ot/G^mode until 

or the line ends, which ever comes &S """^ * prognmuned number of bits is reached 

24.3.6.2 DecodeD . Decode Delta 

15 bit number, which is generally considered tr^.^, ; ^ °° °'-"P"*- ""^^ ^"'P"* « « 
dots for an A4 page a nd IMSS do'ts foT^:^X:gt^,73^^^^^^ '« «<» <">»y address to 13824 
' F^c \oi ^z, /Qg;, a 2 s com plement representation of -3,-2 - 
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iwill^^ork cortecdy for the data pipeline that follows. This utut also outputs how many bits we« con- 
cloc.cxc.eaodpassesthebitinthelesssiU'::^^^^'^:^^^^^^ 

and the cunent conmumd. "''"^ °n current color 



24.3.6.3 State-macMne 



mand contreUer Note in fS^. 1 14^7 IS?" r^^^'^ *^ ^-^^ 

en^_o/_W_,ro«.Ifthetwo^equi J^*^J^,,Sh*^^^^ ^ ^'"P"^* 

memoiy addiesiing). Otherwise ^rTJ^::^- ■ 

DRAM word size. P«>£ramed so that the distance between them is a multiple of the 256-bit 

Sr^'Ln^Sr ^ ^^-^ ^ "-^^ P-^<^ t-o instructions to 

'^'^''^n^'^Z^i^^ - - pa^ed to the com- 

passed, and the state Whine seleS^SS^ k^' '^^Z"! ">«n.ction fetch, the first tun length is 
fetch fiom the co^T:^^':^^^^;;^^^^: "^JT *^ ^''^ 

24.3.7 Command Controller Sub-block Description 

ing address to look for the n^ Sgeld " ^^uf^^J' ^■'^'^ * 
eo6.cc signal that is passed rthe^eSfj^r^^""' "^^^ '^'^ °^ ""'^ ^'-^-g 

line and tie Grst c^Sg elemem o^SllS^ .""^"""f °" «>««in8 

respectively. °" »° "gl't of and of the opposite coIortooO 





24.3.7.1 State machine 



Figure 115. Command controller block diagram 
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Tlxe following is an explanation of all the states that the state machine utilizes 
« START 

(Next Edge Unit), the S^^^'^^l^TS.''^ ^r"- ^ "-n asserted and the A^C/ 
it AfFA/TJSUFFER 

state When thestateol^^tht^SJSrr^^^^^^ 

rnand controller can proceed the statT ^^^JiUNNlNG state. Once this occurs the com- 

iii PAUSEjCC 

due to band processinJSe^i?^^reX" Additionally the SFU can also stall mid-line 

decoder Z'^t.^^oT^tLt^^Z:^^^^::^^^ "^'^ the st.^ 

ftames. All of the r^^^mmnz^^o^l^T^T.^?^ 

decoder) or if sfU /Wj^ jtolS°«dl»f^ r 1^ f"" ^"""'^ ^ '^'^ of 
commail cont^^TereSfo^S^^^ld^ LBD needs to pause. PAUSE.CC is the state that the 

both asserted and the LBD 1 r^r^^rdliTp^^^Llr ^ ^'^'^ ^'^ '^^-''"^ - 

/i' PARSE 
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When in this state the command controller can «ceive one of four valid commands- 
a) Rimlength or Horizontal 

s;«ir^,st,ssjsrur "■''"'^ ^"--^ ■-^^ 

ctaiges tolo the 'MTJ'OKJIUNLBNOTU sou while this occu ^ ^ P©'"*- The command controller 
Vertical 

element on the previous line, for a Vetticair^Z^p!^^! " . '"^ " changing 

c) Skip 

''^^iT.^i^^^T^^^^^ ^^O' ^ — t line is not 

.hat the command controUcr StJs^^ ^Sf iSJm '"^^ '^'^ c^mxmxO^ 
the current color in this case. ffemcfl/(0) commands and has been coded not to change 

d) Pass Through 

Tc^r^^cTjirS^mSe^^^^^ ..at is uses to construct 

LBD can recommence no^^S3^ a^^'Sft^^:!*' " ^^'^ « ^^"^ <tecoder. the 
color as the last bit in un-comp^^S^Lr^S^^^Sll^P-^ ""^^ ^ *^ 

command controller as each pL through conSSL JL^^ ^ ^ '° 'b'^ 

cessed in one clock cycle. command received from the stream decoder can always be pro- 

V Wjirr_FOIUaJNLENGTH 

clodc cycle the command controUer^Srs iLto Ae ^A^J^timrTJT^*''''"- ^ 
LENGTH ii^xsi has been consumed. Once fa^J^S^lrlj^ f^^^^^™ 

controller will renrni to the i?Ss«e " °f «>n«^d 

W WAJTJfORJfE 

Similar to the RUNLENGTH commands the vertical comm««,fc . 

.«nt 1 6-bit frame. After the first clock^cle ^rcon^Z^ t ^ sometmies not find an edge in the cur- 
remains here untU the edge is detected.^titd7trnot thTeS o^^^^^ "^"^^-^ORjm sUte and 
return to the PARSE state. of the Ime the command controller will 
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VII FINISH JLItfE 




24.3.8 



Fl8ure116. St»te dlagnm, for the Command Controller (CC) slate machine 
Next Edge Unit Sub-block Description 

trailer that the edge bin Si12?l^e Sn T^ m ^'^ u * Cotmnand Con- 

A^^C/ operates o.SeZ^l^T^tlJl^^^^^^^^ ^-^<=^ «he current lir,e. n.e 

thisca.theNBUwUIre^uestmo.woS'^rs'pS'-d'^:^^"^ 
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Table 98. CDU registers 



0x14 



0x20 



MaxBlock 



^5 0x0000 



i-e. 8x8 bytes) in a line - 1. 



BuffEndActr 



Points to the start of the decompressed contone dr- 
ojlar buffer in ORAM, aligned to a half JPEQ^ 

A haJf JPEG biock consists of 4 words of 2564Ms 
a JPEG SS!* ^ "^'""^ "^"^ 



15 



WnBwniestartofttielasthalfJPeGWockatihe 
DR Au H cortono circular buffer In 

'° ° •«« JPEG Mock boundary. 
A half JPEG Mock consists of 4 words of 256-bits 

TjpS SoS* ^ * f^"" 



OxOC 



0x34 



BypassJps 



Defines size of buffer in DRAf^ (n terms of the 

^«"Vfossed eontone lines. The size of 
tlt^nS. - <" ^ wl,^ a mini. 



NextBandCurr* 
SourceAdr 



17 



0x0.0000 



Determines whether or not the JPEG decoder will be 

S to ouSC,') ''^"'^ "''^^ ^^-^ ^ 
O - don't bypass, 1 - bypass 
Should not be changed between bands. 



NextBandEnd- 
SourceAdr 



19 j OxO_0000 



!ir*f ^^*''?^'^*^'^*«"««'"«"9 the starf 
DHMA compressed contone data in 

TOs ^mIue Is copied to CurrSoaiee/^drwhen both 

^^^^ A^extfian<re«tfeJs 1, or when 
GD transitions from 0 to i. 



0x38 



NextBandVafid- 
Bytest-astFetch 



The 64Hjlt aligned word address containing the last 
b3^f the next band of compressed contone data in 

JH^^ lS!"^o "^f^ ^ endSouiceAdr^en when 
both DoneBandis 1 and NextBandEnable is 1 or 
when Go transitions from 0 to 1. 



0x0 



Mask containing a 1 m each bit position that repre- 
sent a valid byte Ni the last 64-blt fetch of the next 
oand ot compressed contone data from ORAM 
w^l « "^^^^"^ VaKdBytesUstFetch when 
Doth DoneBandis 1 and NaxtBandEnabteis 1 or 
when Go transitions from 0 to 1 . 



When NextBandEnabielB 1 and DoneSandIa 1. then 
y^encdu^fytishedbandis set at the end of a band 
-NextBandCunSourGeAdr\% copied to Curr- 
SourceAdr, 

'NaxmandEndSourceAdr ls copied to EndSoc//ca4dr 

'DoneBafK/is cleared, 

'NexWandEnabfe is cleared 

NextBandEnab/e is deared when Go is asserteH 
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Table 98. CPU registers 



0x40 



OoneBand 



CurrSourceAdr 



17 I OxO_0000 



Specifies whemeT ornrt me^rrenTKJwsftr 
tehed toadinfl into the local FIFO. It is cleared to 0 
when Go transitions from 0 to 1 
When the l^t of the compressed contonedata for the 
band has been loaded into the local FIFO, the 
oau_flnfshe(n)ana signal is given out and the 
OoneBana flag is set. """me 

ti NMBandBnable is 1 at this time then Curr- 

Oone&ndisdeared. Pnocessino of the next band 
starts immediately. 

^^^^^t"^ "nftvvaitTfer 
NexteanaEnab/e to be set before it restarts 



0x48 



EndSoufoeAdr 



ValidBytesLast- 
i=etch 



19 0x0.0000 



*«hln the" 

current band of cowpressed oontone data m ORAIVI. 



The 64JOJ, aligned wo«f address containing the Ias7 



0x00 



JPEQ decoder core set up registers 
OxSO 



Masic containing a 1 in each bit position that reore- " 

band oppressed contone data from OfV«*. H tte 
to«er 3 bytes are valid, then the lower 3 bteof S 



0x54 



JpgOecTType 



0x56 



OxSC 



JpgDecTestEn 



*^pgOecPType 



0x0 



0x0 



0x0 



JPEG decooe r core reacH>nty st attii> mni^t^J. 
0x60 ' 



^J^ritB are decoded they can aJso be output on 

^« userseleSng 

4 SOF+SOS+DNL 
3 COM-f APP 
2 0RI 
1 DQT 
ODHT 

lyOI and EOl madcen^ara also passed to the 



Test type selector 

? " SS^^"^*"** «iisp»ayed on JpgDecTaata 
1 • QOCT coefficient displayed on JpgPecTdata 

fcM«.1'"* """^ memories to be bypassed" 
tor test purposes. 7k«*»*»w 



^^IJ^Ii^Sf?'^"^ pammeters to be placed on port" 
JpgOecPV^fue (See Table 99). ^ 



JpgOecHdr 



0x00 



Sele^ header segments from the JPEG stream 
^ZZ^sl '^^"^ -'--^^ 
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Table 98. COU registers 



0x64 



•'pgDecTOata 



13 



0x0000 



^ the first 8x8 block of the test data. 

put byte of each 8x8 bfock of test data 

11 -0.11 -bit output test data port - dismays OCT 



22.5.3 



^] 'JPO^core^staiJitf set. indicates that the JPEG 

S'l^^^.*^ ""^^^ «^ ^« <'"tpat JPEG 

halftlock double-boffers of the COLT are full) 

iSinaocS^^ 

Bite 19-16 - nib^contmts (FIFO at Inpiit of JPEG 
decoder core) 

CS61S0 (sae Table 100 for description of wta). 



Typical operation 

The CDU should only be started after the CFU has been started 

JLines. Users then set the CDlTs G^hh^'J.^ BuffEndBlockAdr and NumBuf. 

for the band has finished beinV^. Z .CTJ^"^, '^^'^ When the compressed contone data 

for restarting the CDU between bands: ^ NextBandEnable. There are 4 mechanisms 

a. cdujinishedband causes an intemint to the CPI T Th«. /^r>r ? .. -i i u 
CPU reprogiams the Afei«flWfW?r. ^ '^''^ ^* '^^ DoneBand bit The 

rent band. A^thet^Jol^hrSS b^fl ^^^^^^ '''' «"» °f 

a.«ady,.theCDUstartsp™^Sgtenttb^^^^ 

^•?^VoXsrthi^^«:s^;:j-^^^ 

the nexTSS^^d^taTS^irlf bit to start the CDU processing 

advanceandsto^tSfS^^^^rLTK^;^^^^^^^ 
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ItTs^'s:^ ^S'TciS'Ju^s, tr ' 'r^ "* " Will b. »■ 

tag asm. M «7to4rSu to'^S'T^."^°"'''~^''"'"''f'"»««tagte^^^^^ 

x««i..»».of.^.„i.C'^tErtiriT;ss' ^"'<' ^ 

22.5.4 Read control unit 

receiving the data fxom the DmTver^,oTSSet?J43.iSl ^"i ^'i^:^ ^ ^^^'^'^^ ««<=<^''''. 

accesses to DRAM is described in section 20 pTln JS^Sri^^^^^^^ ""'iTn"' 
by means of the slate nu«:hine describ^TC ^^^10^ '° implemented 

All counters and flags should be cleared after reset Wh*n /-^*^ ^ ^ 

should take their initial value. WhileTe^ bhS J^K ?^ ^""^ ^"'^ ® *° ' '^'^^'^ «<! ^8$ 

it whether to attempt to read a b^d of c^^r^s^SmoL'T.^^^^^^ °° *^ ^""^^'^ *<> 

does nothing. When DoneBand is clL th^mtellS . , ^hen A,«effa«rf is set. the state machine 

up to 256-bits at a time while Ic^llT^J^Mcl^^^^n^l^fT^ 

knowledge about numbers of blocks or n^J^«^ cS„M > "^'•^"'^ has no 

by consecutive reads from DR^nc^^^^^^^!" ' " ^^"^ ^^^0 input FITO fall 

aUcastatthepeakORAMteadband^<Zf';.T^SS^^^^^^ 

diu_cdu_rvalid being as^iiteJ^t^oJJ^ ^ ^ "y 

end_ofJ>andstore: currjourc^^adr is compared to bofl, end_fource^adr and 

^remainingS^bit^uesinth^bJ^^^^ 

' ^^-^^iJt'uiS'to^Snir^ ''^^oun:._a^, then 

whether cu^^«^'!«,, ^'^^ZZ7bI£^ °^'l^ t '^"'"^''^ ^ 

FIFO is 0. ^ ^".oj^oanastore. The end_cfj3and control signal sent to the 

CKrrjo«n:«_afr is output to the DIU as c«/«_</m_y.ad>: 

A count is kept of the number of 64-bit values in the FIFO When diu / -^ • . . 

0. data is written to the HFO by asseitina FiMf^^^A^f dm cju^altdxs 1 and ignore_data is 

incremented ^ asserting FifoWr, mAJifo_contentsp:OJ anHfifojy^.adrp.O] are both 



data firom the FIFO. Note it is To poSblf to^.^^^^^^ "^^^ " "^^^ *«> «-«ive 
•ster to 1 . In this case data is sent .Urectl v fmm Ft V ^? 1 ^*^"« BypassJpg reg- 
decoder is riot stalled {^coTst^uS^T^J}!'' to the hai^block double-buffer. While the JpS 
a byte of data is consult jriife jplSecid^ .^^ -^djpgjn^trb are both 1. 
next byte. The read address ^h^Zf^^XT^lifr'^^' ''^ i«<='«n'«'ted to select the 
^ aligned, i.e. the upper 3 bits are mput as the read address for the FIFO 
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GG^q y s. 



Cliff annf OD 



l0nofe.datB « ( 



cau.dji(_rre<| a o 



I 



^ reset ^ 



c 



<: 



cdu_dlu.n6q«0 
fgnoie.data « 0 



req 



3 



odu_dlu_neq « i 
ignore.data » 0 



ack 





Oil Criu rr^pfr ~ 1 




cau_aju_rreq » 0 
iOnom.dataaO 







read 



> 



fnjrr SQiirr^ pdrffi r^ujii]^ 



odu_d{u.rreq « O 
<onore.data e i 



Figure 101. Stata machine to read compressed contone data 



22.5.5 



Compressed contone FIFO 

skmofttesii^ is .ISO copied loMta^^^ 
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■ FIFO (as an additional effect of thisX^?Srhi^ „o„ nXS T"^^ ^ «^ 

tone data must be more than 4 x 64-Wts. or 32 b^es. L le^j"^ »>«°<« of con- 

22.5.6 CS61 SO JPEG decoder 

^HGdt'^^r^t^^rSJS^t'^^^^^ Of the Amphion CS6150 

the CS6150 JPEG decoder ^"cl^Vls^'^^,";^^''^^ MHz. (Amphion have stated that 
which a gated ve„ion of the systemTock pcfk oSiT. thl T f ^° ^he core is clocked hy jclk 
JPEG decoder on a single coloVpixel-bSbasS^^^ol of * r^^^" ^ mechanism for stallii^ the 
the PixOutBnab input to the JPEG de^ ff^^S "^?",f'^ "^r^"* « Provided by 
block boundary and is insufficient fa^'c ^^^S! ifi "^Tt °^ ^ ^^^0 

instead tied high. of the clock is employed and PixOutEnab is 

:S:,TcornS^e:S:rt£:!^^^^^ JPHG bytes^ ^3 

quantization tables, restart intervaTSon^d^et^r^ contains data for tire Huffman tables. 
Ae JPEG byte^ automatically SSgS^cLiTthe'^PC ^^*'ooder parses and checks 
fymg the JPEG segments the decoder ic-dir«:te d»e d^tn^f segments. After identi- 

as appropriate. Any errors detected in Set^tr^^ "''f.™'*' ^ orprocessed 
s.^edand.ifaner.risfound..hedecodrs^^^ 

Lmes (DNL) marker at the end (normally nec^SrJ^ mp?^* ^ * dumber 



22.5.6.1 JPEG decoder parameter bus 



The decoding parameter bus j!bjp/>ecP»&/aa is a i#;.k:»™- ' 

from the input data stream and lmSd™d fct h^^r^iTA ° "T"^ "^""^ parameters extracted 
nunes which internal paiameters^S^S 1 1 f ! u (/PgDecPT^e) ^x^. 

them/«eportdoesLcontS^:iTS^'^fy^^^^ 



Table 99, Parameter bus definitions 
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T^ble99. Parameter bus defJnitjons 



0x4 



0x5 



0x6 



0x7 



0x8 



0x9 



OxA 



OxB 



OO_XMCU[13:0) 



CsO[7:OLTqO(1 :OLV0r2:01 
^HOp.O] 



Cs1f7:OLTql[1:OLVir2:0J 
.H1I2:0J 



Cs2[7:0LTq2I1:0LV2I2:01 
H2I2;0J 



Cs3(7:0LTq3I1 :q,V3p:01 
^H3(2:0J 



CsH(15:0J 



CsVI15:0] 



ORJf15:0] 



000_HMAX[2:0LVMAX[2: 
OL MCUBLK13:0LNS(2:0J 



XMCU: number of MCUs In X Srectono^ 



CsO: Wenliffer for the first scan component 
TqO: qi/antrration table identifier for the first scan compxv 

V^^^^T"^^^"^ ^^"^ component. 

HO: horizontal sampling factor for the first scan compo- 
nent. Values = 1-4 



Csl. Tq1, VI and HI for the second scan component 
VI. Hi undefined if NS<2 



Cs2, Tq2. V2 and H2 for the socotkI scan component. 
V2. H2 undefined rf NSO 



Cs3. Tq3, V3 and H3 for the second scan component " 
V3, H3 undefined if NS<4 



CsH: no. of rows in current scan 



CsV: no. of columns in cun^nt « 



DRf: restart interval 



HMAX: maximal horizontal sampfing factor in frame 
VMAX: maxwnal vertical sampttng factor in frame 
iSl 1? lS" per MCU of the current scan. 

NS: number of scan components in current scan. Iwj 



22.5.6.2 JPEG decoder status register 

Tlie status register flags indicate the current state oftheCS61 50 Ar>Ar^*;^^ iin. . . 

mg the decoding process, the decompression^ocis^ S ^EG Se^^^ ^^"""'1 ^^^^ ^' 

sent to the CPU by asserting i:du iXj ir^Jl^ r . Vf , ^^^^^^ ^ suspended and an interrupt is 

and DecEn^r). CF/iTSSl^Srhi^^r^DU^^^^^ut^^ °' ^''^T^ 

the JpgDecStatus nsrister The r«!/!i ™t ^-i ^^^^ °f ««>r by readme 

high to indicate an error condidon as defm^d le ToS ^ are set to zero at reset and active 

is lequiied from the user. If any of^t^l^Z!^f !JT J^^ '^'^ «° °° intervention 

cellation. the core wUl disc^ ^nut 1.!?^^^ 

more errors. ^ ^lart Of bnage (SOI) without triggering any 

'^"^ o'^'--^ values of niD^, lOctlnProg, DecInProg 



Table 100. JPEG decoder status r«gister definitions 




15-12 



11-8 



TbIDe(r7:4J 



Tb(DetI3:0] 



Indicates the number cf Huffman taSles defin'^ ihlf!i!^^ 



Indicates the number of quantization tables defined. 1bltftat>le. 
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Table 100. JPEG decoder status register definitions 




HtEnnor 



QtEnror 



OecError 



IDctlnProg 



Note that SoPECi '>"Pteme^teto^ S CM^^^f^?*' "t^^' 



Sel when an invalid QHT seginent is detected- 



Set when an Invalid DQT soflmerrt is detected. 



Set when an^rthing other than a JPEG iraricer is rnput 

Set when any of OecFtagsie:4] are seL 

2; ««n the SOIn^rtcer is detected at the start of a st«am 



OeclnPrqg 



V^'ii::^^^^:^^. '^^'^'^^^ scan. CteanK^ whentPCThas 



scan is complete, ft Indicates that the c^^l btg Td^^':!^ "^"^ ^ 

^aI -- ^ - ■ 



22.5.7 Haff-block buffer interface 

to stall the JPEG decoder core at^ ou^ml^ a^if^^^^^^ ™^ "O"^"^ to be able 

pixel). We provide a mechanism for st^S^e^e JTeg d!S,? ' ^ 32 pixels (8 bits per 

Jpg^con^^tall is 1. The half-blocrbu^Hnterf^l^? decoder core by gatmg the clock to the core when 
half JPEG blocks to dt^nXVpFo ZT T I providing a set of double buffered 

DRAM (write cStJoluLtTDL^o^l"^^^^^ '""T'^T'} *«> 
only a single color pla^. Da^^its X'^ie "^^^ °" « ^ ^'^ 

~mbt^tSo5j:':s^:^„?s^'!or ^ °' ^ "'^'^•^ '^^-"-•^ 



ipQ_core_8tall ^ 



haff4>lock buffer (niarface 



half-Mock buffer 
select unit 



oontone 
plane 
buffer 



64 
-7^ 



J[d_advj>a!f_btedi 



hatf,block.ok^io.read 



oduLd{u_data(63:0] 



Figure 102. Block diagram of half-block buffer Interface 
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22.5.7.1 Half-block buffer select unit 

tlus case each buffer is a half JPEG block, i.e. 32 bytes S ^4?^".^ " ^ 
single bit i^_buff^ for the cunei bX i^^^ , 

halfJblock_ok_to_read equals iSavS iX "1 "^f" "T*^* «"*P"» value 

*«ir.av«i//w..*Ha7. Wheni«_ca«^^/^^^ y>«_.o«^r«// equals 

the production of pixels. The dock tttin* is \^r.^A Zl.f^'^^^ "^"^ " ^ated off so as to stop 
output from the CDU V^cnlcl^TAl/^^ 

Qclk_enatle is the invln^e ofJ^^^^/J. J'^tk.enable is 0, jclk is 0 

S!«««7:^-^:Sff^^^^^^^^ Cleared, and r,_tuff,. i„vened. 

mented whenever vhc ouVZlU Z^T 'If -!^' 'T^V"*' JPEG decoder core. It is incre- 

pixel^cauni[4:0J is sf, b^ff ^aUfi ^^T^et^T ""1'°^^' '^^"^ ^^"^ When 
P«.oucva/^rfX!^ed;itht^ The ou^ut H..en equals 

ANDed with nl^adv. JPg-Core_staII. The output rd^en equals halfjblock^ok^to^read 



22-5.7.2 Contone plane buffer 

^^^"^ ^^"^^ half JPEG block buffers 



urc 103. 



wr_buff« 
vw_en~ 



as shown in block diagram fonn in Fig- 



p»»<-data ^ 



JPEG 
haif-block buffer O 



fd_en 



pixel data . 



JPCG 
half-block buffer 1 




odujdiu.data(63t)] 



contone plane buffer i 



Figure 103. Contone plane buffer Interface 



lected atthe &.t shift r^'^HnVS^q^S^^^ "Z*' '•^"'^ « 

.«erin«bitquantiUes.Dataisread^„*:.;et?s:S^2^^^^^^ 
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22.5.8 Write control unit 



4rine 



ORAM wordp 
DRAMwofdfH4 



DRAM 



r 



4lina 



ORAM word p>4n 

ORAM word q 
ORAM word CM 



JPEG Mock 0 
GnesOtod 



JPEGbfockl 
lines 0 to 3 



c 


ILO 1 C 


63 n 
^U) 1 CjU) t CdLQ 


c 


Lt 1 C; 


u ; c|li I c4li 


c 


U 1 c 


L2 1 c|l2 I ciu" 


C3 


L3 1 C2 


^ 1 C1L3 1 C0L3 



wordp 

wordp4>l 

wordp«>2 



JPEGbtockn 
Ones 0 to 3 



JPEG Week 0 
Cnes4 to7 



JPEGbtocfcl 
lines4to7 



ORAM word q+4n 



JPEGbtockn 
6ne84to7 




wgds In one ORAM row. for a sinafe 
COU access to DRAM """B" 
CX-ColorX 

LY . Line Y or 8 bytes 01 a Hne In a JPEG btock 



oira i>its 63-0, line 3 in word p+3 bits 63-0, 

block 0, color 0. line 4 in word q bits 63-0 lln.. s . 

i^/ 64. line 3 in word p+3 bits 127-64, 
block 0. color 1, line 4 in word q bits 127^64 lino 4 

line S „o.a ...3".,"^.: U„e^ " rjo^a%\3^\\."Z;,l^,^^ 
repeat for block O color 2. block 0 color 3 

etc. 
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In SoPEC data is written to DRAM 256 bits at » rim* r 

CDU. i.e. the lower 2 bits indicate ^ch^bL^^^^^Tf''"'- ' ^'^""^ ^ 
address the DIU also receives haJf a JPEG block uTji f„^c '^'^'T "^^^ ^itb that 

accesses to DRAM must be padded to 256 b or th. iS u • l"^* " <^ "^'^s over 4 cycles. All 

the individual bit write inpute of J drI^ Z^'^I^'T^ '^'^'^ ^ *^««« ^ »«^d ushTg 
only 64 bits out of the 25j-bit access ^^^il^^^^^'^.'^ ^""^^''^ ^ from the CDU 
by the DIU. This means that the decompre^co^o^ S^? the remauung bits of the write are masked 
wnte masked accesses to 4 consecutive Stio^r ^ " " ''^-^-'""'^ ^"'^ 

cycles. AJI counters and flags should be clJtd^^^yl^^^ 4 x 64 bits over 4 

and flags should take their initial value. ^iT ^fSo ^ ^^ttons from 0 to 1 all counters 

block to DRAM. Once the half-block bi^I^Z^ " t° att«npt to write a half JPEG 

^quests a write access to DRAM bySX cl'^lT"^ ^ "^^^ "^hS 
mg to the first 64.bit value to be writte^^Sf^^-:^' E^T' "^'Jf ~"*»P<««*- 
access of 4x64 bits is issued by the CDU The DruT, ^ u ^^^'i' ^alue in each 

fourth 64^it values). The stateLchSe Llt^afJ^o^f^f ^^^^ 'f^'V ^ and 

mgan5adof4 64-bit values ftom the half-block buffer^^~^°^'^' from the DIU before initiat- 
put cdu_diu_r^atid is asserted in the ^c e after SvlT^ ^ "'f'*"* n,e out- 

the c<f«_^/:,_^,« and should JtteL to Ll^^fiS,'^^^^^ I'.V'^ « P^«t on 

.s then sent to the half-block buffer interfaS t^SSf t^^fT '° "''^ J^ '^-'^"^^^^^ 

f%rsr."dt'rr^r:^en^^s^^^ 

'^ir -ddress output to dram 

^ ■ ~ r.re^T.f.-n'ir,'-- — ... .. 

if (half == 1) then 

iH^i^i.X^iTocrr^r^He'n'^^^ — .r... ..ee,s 

If (half 1) then 
half s 0 

if (color -= maxLjlane) then 
color 0 

if (block == max^block) then // «„h ■ . 

pulse wradvSline writing a line of jpeg blocks 

block = 0 

upr_h<ilfblock_adr = bu££ start ^, 
^j^^P'-h»"blocK_odr = buf£_at«t!rdr »«'«-en«J-«dr) then 
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else "P--»»i«'locK_.«ir = upr_halfbloc,^.dr * „««^bloc. . 2 

block *4- 

else - "^^^ address for linea 4-7 for next block 

color •*-•*• 

else 

half ~ 1 

if (color max^lane) then 

if (bXocK =. »«_Mcc.,. .hen /, e„a of „i.l„, . ,i„. „^ ^^^^^ 

n -«^c':f ^^L%%\\'S"„f f ?^ aPEG blocs taKin, 

lwr_halfblock_adr « buff start- ^ , 
^^^l-'-h-lCblocK.-dr - buff!^t!^^ ' bu£f_en4_«dr) then 
lwrJ«H£bloek.-dr = lwr_|«ifl,ioc);_«dr ♦ »«^bloclt * 2 



else 

Iwr^halfblock^adr 



// move to adciress for lines 0-3 for next block 
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etSujUujMeq » o 
cdu.diu.wvaDd ^ 0 
rd.adv«0 
nl.adv_halfJ)lock<rO 



Reset oq prst n =^ p 
orfu_dfu_wreq «s 0 
cdu_diu_wvaru 3 0 
rd.edv o 0 

^ reset ^ 



idle 



c 



3 



odu.diu.wvaiid e 0 
rd_adv « 0 

^-.acfv^half block « 0 



req 



c 



> 



jine BtOrft oil fn lYTftft 1 AMH 

cdu.dHj^vi^Ud a 0 
rd.adv 0 0 

'd.adv^halLbteckoO 



ack 



c 



3 



oou_oiu.«weq » 0 
ochi^dlu^wvaJid « 0 
rd^adva 1 

«Ladv_halLWo<* » 0 



read 



c 



cdu_dlu_wreq o 0 
odu_diu_«waGd s 1 
fd_adv o 1 

rd_adv_haflLblock a 0 



write I 



c 



3 



cdu_dlu_wreq » 0 
cdu_diu.%wafid « 1 
fd.adv n 1 
rd-adv_half.btock- 



write2 



c 



3 



cdu_dlu_wreq = 0 
cdu_diu,wvaud b 1 
id_adv B 1 

rt-advJttflLWock-l 



write3 



c 



cdu_dlu_wfeq c 0 
cdu.diu.wvaJld e 1 
fd_adv s 0 

'ti^adv.halCblodt = 0 



write4 



> 



cdu.diu.wreq » 0 

OdU.dtU.IWVBUd e 0 

nj^adv B 0 

rd^adv_half^b(ocKBO 
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22.5.9 Contone line store interface 



The contone line store interf^^rlS^e meSi^Jrl" 7 r^' ""'' *t'^"' "^'^ !ine-at-a-.Hne. 

write to. -nius the size of the Une sto^nD^MlZSft^ , ^ ^ f<»- *e CDU to 

line ston: interface is 8 lini p^W^ a sSJJ^^ffrsctirS' V- '^'^ "^"^ 

scheme while 16 lines pn.vi<ij^ a do^feSl sSe a« 12 lines for a 1.5 buffer 

S^t D^rraia^Sfo?:^^^^^ ^^^^^ number of lines 

set to the value of ««« buff T^e CDU^v „„I?k! 0 to 1. numjines_avail is 

avaihible for 8 lines, indicted whe?Ae«««7^^^^^ ^ T"" '" ^ ^ ^^ce 

writing 8 lines, the M^ite conSl^t sendl ^J^Sf" "'i;"'* "'u " "^"^ finished 
CFU. and ~m_//«« Jrirde^entert T ' '^^^^^ 

//«e.^/^_aiLro_H.f/etobesetiai?^c;?^ '^'^ waits for 

priately. and sends its own niadvl^e^^^^eC^T'^^ for responding to wradvSline pulses appro- 

iefinishesre«lingthen..„W-^r^t^2^e2Sron 




23 Contone FIFO Unit (CFU) 



23.1 Overview 

color i»ve«ion in ^a'^^^oZ^^'^^T^Z Z "^"^1 '^^ ''^'^ ^""^ Mlo^Jby optiol 

fonned in the horiSntal J vcSSTir^oti^^^^ S^C* Y"^' 

pnnter resolution. Non-integer scaline is ^Z^L^u^ f """P"* "^U matches the 

23.2 Bandwidth requirements 

direction is performed at the output of ZcFUora^Sefb rK*^*" *^«P«<^ation in the X 

tion is perfonned by the CFU Zii^gt^b^^^nZlt^T ^"^^ "l^^" ^ direc- 

DRAM. The HCU generates I d^f.Si„ « .^^^ " ^^^-^ to the Y-scale factor, from 

I side per 2 seconds for fumbles AMS^r or^ti?^^^^ ''"u" ^"'^ '° '^^'^^ * P^nt sp;ed of 

color contone pixel (32 bits) e^^lSji^'Su^iV^^^ ""/S »° supplied^th a 4 
from DRAM at S.33 bits/cycle' ^ ^ PP' ""st nad data 

23.3 Color space conversion 

bTeS^cotXTSnriiglrsTiS^ 

and K, directly represented by CM?X^?S SSS^„? '' •"^^ ^' 
multi-SoPEC printing with exL ^lois " "P"^* 8°'* g"'"' etc. for 

cSs'^^pSS.^^'?^'^"^^^^^^ visible quality when luminance and chrominance 
luminance infoLtiSandIo W^^n^edTo he l««ninance. but C. M and Y each contab 

foteprovide the means Stwr^^ir^S^^^^^ 

sion. F«»cu lo oortf^ as YCrCb. K does not need color conver- 

to CMY. «=°"P«ssion. the YCiCb data is obtained, then color com^rted to RGB. and finally back 

The external RIP provides conveision fiom RGB tn vrrm. . c .. 

implementation of the invc«e tiBnsfo^^Sun S^PEC S^^^ 

are normalized to occupy all 256 levels of an 8-bk b^ J^'^g"" ^^^'^ Cr and Cb 

The CFU provides the translation to either RGB or CMY RGB ic i^.u,A^A • 



1 . 32 bits / 6 cycJes = 5.33 bits/cycle 
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?TX"^r -^^^ ''^^'^^^ color space convenor is one of 
1 color plane, no color space conversion 

• 2 color planes, no color space conversion 

• 3 color planes, no color space conversion 

• 3 color planes YCiCb. conveision to RGB 

• 'J color planes, no color space conversion 

23.4 Color space inversion 

s;trc:?orp»sr^^^^^ 

may be used to provide plana? conclat,^ ^^4^ n^ts '° ""^ 

^'cf'? 25?.*!?^ « given by the relationship; 

• M = 255-G 

• ¥ = 255-3 

These re^latio^ips require the page RIP to calculate the RGB from CMY as follows: 

• G=255-M 

• B=255.Y 

23.5 Scaling 

sented by a numerator'^md a de^oS^rSSr^Sf"'^ non-integer scaling with the scale factor^re- 
should be greater than or equ?toTSSoSiT^fi!'^^^^^ J * - °"-Stor 

the numeretor is progranTed as 5 and tt:^^^Z ^;^::T2 ' " 



if (count * denominator - numerator >- o) then 

rr * '^•^^^^^ - tor 

else 

count = count ♦ denominator 
advance = 0 
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23.6 



Leao-in and lead-out clipping 

block n below) wUl be the last JPFr hi!!, w .uT- '^'^ °° boundary of the 2 SoPECs (JPEG 

line printed by S!EC«/Sefs1?^^.E<^t,^^^^ 

ately setting the WO«,C/(p^irpSs^Sis SeS^^^^ '^"''"''l ^PP^P^' 

at the beginning of each line'^e n^^ofS^V^^^^^'jT':^ '° """^ 
LeadlnClipNum agister. ^ °*P"^*°'«"8°0"«'«*e start ofeach line is specified by the 

It may also be the case that the CDU writes out n>n<^ ui t - 

as shown for SoPEC #2 below. In ttisT^fteX S^r •"^'^ ^ '^'^ CFU. 

spond to JPEG block « but the t^the AlS^r^i ^^ "^ '1^' " « '« "w™- 

block m-/. n,us JPEG block m i^^^r^dt by^S; " ^FU is set to correspond to JPEG 



SoPEC #1 
lead-in aiea 



SoPEC »2 SoPEC fi 
iea<f-m area , teadsjut area 



SoPEC #2 
lead-out ( 




SoPEC #1 prints left 
srde of page 



SbPEC #2 prints right 
side of page 



Figure 106. Lead-in and ,ead-out cirpp,ng of contone data In multi-SoPEC envltpnmant 

iSg :?t^S?iXrintf,ii - ^ - P^-s tesCution. The 

LengtM agister defines the^fze of Aet^S n^lr i '' agister. The NcuLine- 

m,lsthescalingofthelastv:d7d^fe Se^^^^^^ 
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23,7 Implementation 

Figure 107 shows a block diagram of the CFU. 



DRAM /nlerface Unit 



_ Contone 
Decoder Unit 



<<econripress«d CX wr^egrd en 
contone buffer j^], w_segim fd_aeif2k)i 



Y-scaJIng 
control unit 



K Cb ~C7 

cotef space converter 
cp3 cp2 cpl cpO 



^"8 . "6 



YOCh2R(5B 



iidi 



3/ 



15 



confiouratton 
retilsters 



i 



i 



output 
double-buffer 



^ wr_butf, fd.buff 



8 ^ '8 / 



^ ^ ^ ^ t t 







1 ^ 

^ (InsS ok In r^i>H 


contone 
ilne store 
interface 





X-GcaUng 
control unit 







'8 . 


1 


1 


! 

1 — ! : 



Contone 
FIFO Unit 



Halftone/Compositor Unit 



PEP CQntroller Unit 



Figure 107. Block diagram of CFU 
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23.7.1 Definitions of I/O 

Table 101. CFU port list end description 



Clocks and reset 



pdk 



prst_n 



PCU Interface 



pcu_cfu_sel 



pcu_rwn 



pcu_adr(6:2) 



pcu_dataoulf31.-0| 



cfu_pcu_fdy 



<rfu^pcu,data[31:0) 
DIU Interface 



cfu_diu_rreq 



diu.cfu_rack 



cfu,diu,mdf(21:51 



dtu.cfu.rvalid 

jiu^data[63 .-0] 
CDU Interface 



cdu.cfu.wfadvSDne 



cfiJ_cdu_fdadvfir>e 



HCU interface 



hcu_cftj_advdol 



cfu_hcu_a vaH 
cfu_hcu_c0data[7:01 



cfu,hcu_c1data(7.-0) 



cfu_hcu_c2dalafy .D] 



cft',hcu_c3dataI7:0J 



In 



In 



System dock 



System reset synchronous active low. 



32 



32 



In 



In 



In 



Block seie« from the PCU. When pccccfti.sa/is high both 
pcu^adrand pcu_dataout are valid. 



Common read/not-%OTlte signal from the F»CU. 



In 



Out 



PCU aodress bu$. Only 5 bits are required to decode the 
address space for this block. 



Shared write data bus from the PCU. 



IT^J^T ^^'^ cft/^««y Is high it Indicates 

pacctataoof has been registered by the bkx* and for a read 
cyde this means the data on dtu_pcu_dam is valid 



Read data txis to the PCU. 



17 



64 



Out 



In 



Out 



^^^,1^ request, active high, A read request must be accS^ 
panied by a valid read address. u*toeacoom 



Acknowledge from OIU, active high. Incflcates that a read 
request has been accepted and the new read address can be 
placed on the address bus, cfu diu_radr. 



In 



In 



CFU read address. 17 bits wide (256-bit aligned word). 



Read data valW, acth« high. Indicates that valid read data Is"" 
now on the read data bu s. cflt4_data. 
Read data from ORAM. 



fn 



Out 



Write 8fine pulse, active high. Indicates that the CDU has fin- 
Ished writing to 8 lines of decompressed contone data to the dr- 
Oiter buffer In ORAM and the data is available to be read by the 



Read line pulse, active high. Indicates that the CFU has finished 
reading a line of decompressed contone data to the circular 
buffer in DRAM and that Bne of the buffer is now free 



In 



Out 
Out 



Out 



Out 



Out 



informs the CFU that the HCU has captured the pixel data on 
pocei on the data lines. 



Indfcates valid data present on cfu.hcu^c(0-3)d ata fines. 
Pixel of data in contone plane 0. 



Pixel of data in contone plane 1. 



Pixel of data in contone plane 2. 



Pixel of data in contone plane 3. 
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23.7.2 



Configuration registers 

and writes the S^^rl^^Z prfP"^ '^'^ ^"^^ ""^^ ^^^"^ 32-bit register reads 

f^rrwT A ^'^^^ "0' required to decode the address siLe for th,. 



Table 102. CFU registers 




Control registers 



0x04 



Setup registers 



Reset 



Go 



0x1 



0x0 



A write to this register causes a reset of the CFU. 



Writing 1 to this register starts the CFU. Writino 0 to this 
regfster halts the CFU. 

When Go Is deasserted the state^acWnes go to meir 
idle states but aU counters and configuration registers 
keep their values. 

When Go Is asserted all counters are reset, but configu- 
ration registers keep their vaiues (I.e. they dont get 
reset). 

The CFU must be started before the COU is started. 
This register can be read to deterniine If the CFU is run- 
nlng 

(1 » ninning, 0 ■ stopped). 



0x10 
0x14 



0x18 



0x1 C 



MaxBiock 



BuffStartAdr 



BuffEndAdr 



4UneOffset 



YCrCb2RGB 



13 



15 



15 



13 



0x000 



0x0000 



Number of JPEG MCUs (or JPEG bk>Gk equivalents. i.e 
8x8 bytes) in a line ' 1. 



0x0000 



0x0000 



0x0 



Points to the start of the decompressed contone dicular 
buffer in DRAM, aligned to a half JPEG btock boundary. 
A half JPEG block consists of 4 words of asS-bits. 
enough to hokf 32 oontone pbcels in 4 colors, i.e. half a 
JPEG block. 



Points to the end of the decompressed contone circular 
buffer in ORAM, aligned to a half JPEG bk>ck boundary 
(address Is Inclusive). 

A half JPEG btock consists of 4 words of 256-bits. 
enough to hold 32 oontone pbcels in 4 colors. Ke. half a 
JPEG btock. 



Defines the offset between the start of one 4 line store to 
the start of the next 4 Hne store. In Rguro 108 on 
page 294. if BufStartAdr con-esponds to Hne 0 block 0 
then BuffStartAdr-^ 4UneOf^3t corresponds to line 4 
block 0. 

This register is required In addition to MaxBtockas the 
number of JPEG btocks in a line required by the Cf=U 
may be different from the number of JPEG blocks in a 
line written by the CDU. 



Set this bit to enable conversion from YCrCb to RGB. 
Should not be changed between bands. 
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Table 102. CFU registers 





Set mese bits to perform btt.%»Jse Invereion ona 

plane basis. 

bitO • 1 1nvert color pfane 0 

- 0 do not convert 
bitl - 1 invert color pJane 1 

- 0 do not convert 
bit2 - 1 Invert color plane 2 

- 0 do not convert 
bits - 1 invert color plane 3 
Should not be changed between bands. 



Number of contone pixels - 1 in a Une (after scaling) 
Equals the number of hcu_cfu_dotBd\f pulses - 1 
feceived from the HCU for each line of contone data. 



Number of contone pixels to be Ignored at the start of a 
fine (from JPEG block 0 in a line). They are not passed to 
the output buffer to be scaled in the X direction 



Number of contone pixels to be Ignored at the end of a 
line (from JPEG block MaxBiock in a Une). They are not 
passed to the output buffer to be scaled in the X direc- 
tion. 



Value to be toaded at the start of every fine Into the coun- 
ter used for scaling in the X directton. Used to control the 
scafing of the first pUei in a line to be sent to the HCU 
This value will typically be zero, except in the case where 
a number of dots are clipped on the lead in to a line 



Numerator of contone scale tactor In X direction. 
Denominator of contone scale factor In X dir ection. 
Numerator of contone scale factor in Y direction. 



Denominator of contone scale factor in Y directton. 



23.7,3 



Storage of decompressed contone data in ORAM 

The CFU reads dccompressed contone data from DRAM in single 256.bit accesses JPEP. hio^w 
decompressed contone data are stored in dram ^xnfh fK* ^ ^^o-oii accesses. JPEG blocks of 

is in order to optimize accesTJor r^^L bv ^r^^^^^ ^gement as shown The arrangement 

in each 256.bit DRAM S Se mtt^'tiT ^'^^^ ^ T?' "^^^'^^ 

256-bit DRAM access. ^ ^ " ^ ^^^^^ * ®'"Hle hne in each 
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4 line 
atom 



ORAM %vordp 
DRAM word 



DRAM 



DRAM«M>rdp44n 

— DRAM wof6 q 
« 

DRAM word 



4fvie 
store 



ORAM word 



JPEG block 0 
lines 0 to 3 



JPEG block 1 
lines 0 to 3 



C3^0 1 C2LO 


i CILO 


a 

« COLO 1 


C3^1 1 C2L1 


1 C1L1 


1 colT] 


C3^ 1 C2LP 


1 C1L2 


t C0L2 1 




L.ciLa- 


LJQDL3 1 



JPEG block n 
RnesOtod 



JPEQUockO 
Ona34to7 



JPEG block 1 
Unas 4 to 7 



JPEG Mock n 
tines4to7 



255 



191 



127 



63 





C2L4 I 


C1L4 1 




C3^ 1 


C2LS 1 


C1L5 1 COI-S 


C3^e 1 


C2L6 1 


C1L6 1 




03^7 1 


C2L7 1 


C1L7 1 


C0L7 



%vordq 
word q>l 
wordq*2 
wofdq43 



< ImpOes one 25a bit read of a word In DRAM 

CX-ColOfX 

LY - Une Y or 8 bytes of a tine In a JPEG btock 



Figure 108. DRAM storage arrangement for a single line of JPEG blocks in 4 colors 
The CFU reads data line at a time in 4 colors from DRAM. The read j 



as follows: 

line 0. block 0 in word p of dram 
lino 0, block 1 in word p+4 of ORAM 



I sequence, as shown in Figiire 108, is 



line 0. block n in word p+4n of DRAM 

(repeat to read line a nun^ber of times according to scale factor) 



line 1, block 0 in word p+1 of DRAM 
line 1. block 1 in word p+5 of DRAM 

etc 

on^JaJr^S '^::Z'i^vl^^^Z''' factor nu„be. of d„e3 from DRAM before it 
becomes available for ieC^to^teT ^ '^'"^ ' "^"^ ^ 

23.7.4 Decompressed contone buffer 

On the DRAM side, wr^buff indicates the current buffer within each do.ihu i^.ffi.,. •* 

to. selects which double-buffer to write the 64 bits ^^^^o wJet t^^Ts SlS" '° ''^ 
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23.7.5 Y-scalfng control unft 



DRAM 1„ ,mgl. 256.bi. .cus^ ^ JSm^Trr'S ""T" 

Tke protocol aiKl amin, for read acoesses M dbTJ^J^ ""'.'T' * (««>its per cycle). 

» DRAM ZJvtaSSeJ^^ Ti" ' »" ^Os!lLi 

^ ^"'"e State machine descnbed in F gure 109 
All counters and flags should be cleared after reset Wh*«/- ^ ^ 

should take their initial value. While ^b^e^^^J^^"""^ from 0 to 1 all counters and flags 
buJLok_co_^Ue flags to tell it wheSi«r to ^tflnt J.^^^ """^ /me*_o*_to_«arf aid 

When W_o*_«,_^ is 0 the st^e nS^SS'e I«"lot^' ^'^T^T^ 

ss'^x^rthT^er^^*^'^----^^^^^ 

that writes ai« to occur to. * ^"S'® »»» (>w_fa(W for the current buffer 

equals -AMj^avaiZ/H-r M7. When a wr fc^^ i • 
IS set. and w_to^is inverted. WheneveT rff^ ^.z w " f ""^ " *Vir_ava,//Wr W7 

of data ftom DRAM tothe bu^^i;r^:i:i^t'ST' *° 

«Cc„ and «Lre/ gets increlnenteJlo p'oinl to Ae nS vi ^'1^1'?."^ ^° '"•^^ ^ asserting 
wnte the data to the output doubleWer of Se ^^L^^^ ^ """^"^ '° to 
bin »<i'^- is asserted. *.^_«va///>^:4,t^^^ the buffer, m^ei equals 

1^ 2^'iSSg"::::7:e^r^^^^ '^or. before the CPU .oves 

direction is thus pcrfoimed. «»«»nP«ssed contone data. Scalmg to the printhead resolution in the Y 

-ne, fto,. ORAM. 1^ .,oHt.„ «fr ^^SlSS.'L'SS^ £ i^S^.'^'^ 

// assign read address output Co ORAM 
cdu_diu_wi»drC21:71 = curr_h«lfbloek 
cdu_diu_w«dr{6.Sl = line[1..0) 

ltM,^Jd;:bu'£"r'/-""'"-'=°""'= «ddresa,. after each o«*k read access 

--n« a ai„e «. contone in up . 

<^!:care!c^':^t'^: r::-"^ d: -r 

y_scale.cou„t . y Ic-ra " y-""^"-""" 0) then 

pulse Riulvline * y-8caXe_denon - y_scale_num 

if (line =a 3) then y# ^ 

then . // ,e reading 4 line store of contone data 
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line 



// update half block address for start ^ 

curr_halfblock = buf f.etart.adr 

lane.flcart^adr = buf f_start_adr 
elaxf ((line_scart adr ♦ 41in» w. 

curr^l^lfblock I buff JtartZrl^^^^^ " t>u«.end.adr) ) then 

linens tar t_adr = buff.start adr 
else - 

curr,halfblock ^ line_start adr 
line^start^adr « line.start^adr 



41ine_of fset 
41ine.offset 



else 
line 

curr^halfblock = line^start adr 
else ~ 

// re-read current line from ORAM 

cur^w^^^" y-^scale.count . y^scale^denom 
curr_halfblock = line^start adr 

else 

block 

curr^lfblock 
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cSujdHu_rreq o o 
wr_sel e 0 



wr_adv_buff a 0 

Q reset ^ 



< 



idle 



c 



cfu.diu.rraq e o 

wr.seloO 

w.adv_boff»0 



req 



c 



> 



guff OH ff> wrftfl 

wr_adv buff a o 



ack 



c 



cftCdfu.rreq ^ ^ 
wr.setttO 
wT.advLbulf.0 



readl 



c 



3 



_diu.rroq « o 
wr.set B 0 
wr_adv.bufl e o 



read2 



dfu cfi» fynfffj^, 
cm.dhcn-eq « o 

wr_adv_i)uff = 0 



cfu_diu.frea«0 



^dlu.rreq « 0 
wr.sel a 3 
wr.Qdv^buffa 1 



read3 



cfu_cJiu_iT©q s 
wr.seJ ^ 2 
wr_acV_tHiff » 



read4 ^ 



FlgucB 109. state machine to read decompressed contone data from ORAM 




23.7.6 Contone line store interface 

The contone line store mterf^cZo^^Z m^tLt^7 ^''■'^^ *«™ line-at-a-time. 

CFU may continue rcSfromDlKt ,,^°t^^^^^ incnnnented by 8. Ae 

set while buffJines.avaUis greater AanO vSh h£t tT?"^^'-^ *^ is 
from DRAM, the Y-scaling S\^^^^r ^ ^^^'^ '^'^ ^ line of contone data 

CDU to free up the line inie bSerT^ £^1^.3^0 ^ "j^'^" ^""^^ ^ »° 

vWne pulse. bt^Jtnes_ava,t is decremented by 1 on receiving a 

Color Space Converter (CSC) 

ROB. If YCrtMROB IJJs i^. " ?■ T*" "»™^» *«■» TCicHo 

«c»d stage, -ri. 40. color pi;. I^TZl bJ^ S" ^ '"f" "<> 
pUrno ^ it bwBs., th. Hock. "l"* » ' W*- 1»« totoocy d««U be «i««lto<l Ibr the *k color 

w's^xir'^i'Sti^'-enss? ^^.s^l-;?' — 



23.7.7 
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Figure 1 10 shows a block diagram of the color 

I color space 
I converter/Tnveiter 



space converter. 



HJ~1 — fl 




■epO 



epl 



>ep2 



♦■cp3 



VCiCbZRGB 



''»«'t_eofar_plBn8 



23.7,8 



R9ure 110. Block diagram of color space convorter 

version is implemented as follows- ^ accuracy is maintained with 18 bits. The con- 

• R*''Y + (359/256XCT-m) 

• G' - Y - (183/256XCr.I28) - (88/256X0,- 128) 

• B*-Y + (454/256X0,-128) 

X-scallng controf unit 

the mechanism for keeping txack of Set^l read ^^^tiuff^ ""^"^ P^^^" 

read from until it has been written to. "^"^^ « buffer «»nnot be 

tl«n»ntt5ttcMoccur». """ftom.-id.mgltbil (»r.4,a» f„ euro,, buffo 

15 I . nxeis m the lead-in and lead-out areas are 



1. -17915 saturated too 

2. 135.5. with rounding becomes 136. 

3. -227 is sanirated to 0 
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if (wradv =.= i) then 

if (Pixel.count « <max.block, bill) ) then 
pixel count = n " 



pixel_count = o 
else 



Pixel_count 
if ( (pixel_count < leadin_clip_„um) 

OR (pixol^counc > ({max bloclr siiix , ^ 

w-en = 0 itinax^oiock^blU) - leadout.clip^num) > ) then 

else 



the next pixel on the data lines. <:fi*-hcu-c [0-3] data lines and the CFU can now place 

loaded with xjtart_count after reset and at the end of !!^kT -JL '-^^«'«-eou« should be 

first pixel is scaled by. hcuJineJengTlTh^Xt^^L^' a-'ount by which the 

line that is sent to the HCU is scaled by. ^-'"^-"'"'^ ^^^^ the amount by which the last pixel in a 

if <hcu_cfu_dota<Jv =a l) then 

rd_en « 1 ^scaie_denom - a^scale_num 



else 



else 

x^cale^count = x^scale^count . ^scale.denom 



X^scale^count » x^scale.count 
rd_en = 0 



When a rd_en pulse is received, tuff.a^tmj^gj is clea«d. and Buffis inverted 

thirs^ifift^r^jirr.^ 

received^ then a rn_en pulse is gemat^d toir^ent Xt^d:/ f r/*""^* '^^ * A-^-C^.^ro^v pulse is 
reset to 0 and xM.coun. is loaded with x^^^^^J^ " ^FU. rfor_a^_«:ou„, is 
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24 Lossless Bi-level Decoder (LBD) 



24.1 Overview 



compression, the LBD can cone with anv r«m„,«o^ ^ ? is to be able to pmt text at 1 0: 1 

pass-through mode is provided foVri.iZ:::"!'**" ""^ "™ ^RAM access is available. A 

50:1. Lossless bi-levei compiessTonL^«TIvlIrri <=f°'Pr«ses with a ratio of about 
which compress poorly. ^'^'^ 20:1 with 10:1 possible for i 



'^^^oZ^^'^Zr^^^^Sr^t^ ^ decomp^ssed bi-,evel data is 

unit) for the next s4c in" JpriS^b^^^ (Halftoner/Compositor 
is used by the PCU L is aJSS^^o |e Cm^"*^"^ ' control fig that 



ORAM 
Jnterfaos Unit 



■MJinrshedband 



PCU 


4 


— ^ 

LBO 







4 



Spot FIFO 
Unit 



HCU 



FiBure 111. High level block dtagnun of LBO in context 

24.2 Main features of LBD 

Figure 1 12 shows a schematic outline of the LBD and SFU 

s.i^eiS.Sgro?rp;:Tr;rs 

at 1600 dpi. ^ ""^ therefore be long enough to store a complete line 

SncS^'m^'n^^^^^^^ This throughput capability is retained for 

PECl LDB outputs 16 bite^ paSeJ to Se raa L^l tSrl -^" ""'F ^'"^ ^ ' 
the LBD in SoPEC can run mtL feste^tS^ L ^fis^fS t^^"^"^ '° u^""*^^- 

processing latency, to be absorbed. reqiawa This is useful for allowuig stalls. e.g. due to band 

-t:d\?a';e:ir^^^ ^^zv"^, "^^"^^^ ^^^^^^-'^ ^^-^^ « -ti- 

ei^ed ni^ber of birSch^^^^J^!"^,"**''" '° ^^'^^ "«^e or for a pre-prc 

length code. foUowed by paj " ^^>^ ^ « 

s^LTdr^^r^^dZri^'otS^'^^^^ ^P- ^^^O unit (SFU). -Piis 

lines up ,0 a prognunmable number^ii^ ^hTsfi^r ^ ^^T" """i^'y 3 

. DRAM. Therefore the LBD mul^be a^e to S^'o^? 

— *uu:>t DC apie to support stalling at its output during a line. 
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J3 



Kbytes of storage. "'"^ ' ''^1^'=' A« A3 of 19488 dots 2.4 

TJe LBD «,„.h.. bsnd sii^ is e.pon^ .0 d.. PCU „d is ««iti.™«, .v^r. ^^J^ 



LBD 



DRAM read 



FIFO 



DECODE I 



SFU 




FIFO next. 



All FIFOs are 64 bytes 
(twice the DRAM data 
word width) 



FIFO l|>revj(ne 









I 


rrr^ 3 




|Huu —r j 



4L 



ORAM write 
— ORAM read 



Figure 112. Schematic outline of the LBD and the SFU 
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24.2.1 



S3 



Bi-level Decoding In the LBD 

length ^codings. Tl.e e„co<ii«g"U S:di; xS^fZ KSJ"" ^^"^'"^^^ - 




r^^r-^tde ^--ah .Ode is activated 
number of bits, whichever is shorter. The^^aT^T^ ^dlt' °' ''"^ " Pr«-prognunmed 

followed by pass through. The pass ibrou^Z^c^^^ ^T^' ^ « run-length code. 

thanorcqualto31. length run-length with a rmi of less 




s g 

• E 

S 

51 



RRRRRRRRRR10 



RRRRRRRRIQ 
RRRRRRRRRR10 



RRRRRRRRIO 



RRRRRRRRRRRRRHROO 
RRRRRRRRRRRRRHRoo 



Me<ilum Black Runlength (10 brts) 



Medium White Runtength (8 bits) 



^l^l'ZT'^ Runlength with RRRRRRrrrr af 
enter pass through 



Medium White Runlength with RRRRrrrr 
Enter pass through 



»31. 



Long Biack Runlength (15 bita) 



Long White Runlength (15 bfts) 



the nght to most significant bit at theleftT "^"cad m the same way (least significant bit at 

pass the data to the LBD as ua-compreSd l^P^ S^.h T^""" '"^^ '"'^^ ^ «'^««^ to 
mented in the PECl version of the LBD^S *e Sd^.^ " ^ ^^'^^ i-'Ple- 
thedatas^isanua-comp^sedb?.Si*i:S?;:™^^^^ 
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S3 



24.2.2 



?.?° ''f''*^°"«^"°'**'**LBD takes advantage of the wavninlen^hc • 
of the nmlength pair is less than or equal to 31 itX^^Sl^H ^ ^ ^ "^"^'^ ''"one 

&e coding scheme of Table 104 it is still legal totSl iJl a^t ' "^"^ "^""S^ »°der 
been dcsignedso that ifashortrindengthv^S isdS^iran^H or long ru„,e„g4. The LBD has 
command conUdning this runlength is^S^ cS^S^i; i.r^e^?l?S 
mode and the bits following the mnlength is mi^oim^iXJVf I ? J° ^'^^ 
either a programmed number of bits or Se endSS^hS^JS """^^ *° 
n^ode^completedthecorrentcolorlsthesameiSX^^t^^^^ 

DRAM Access Requfrements 



Table 105, DRAM bandwidth requirements 



Dfrectlon 



Read 



Maximum number of 
cycJes bet%veen eadi 
256-bft ORAM access 



256^ (1:1 compresston) 



Peak Bandwidth 
(bftsA^yde) 



1 (1:1 compression) 



Average Bandwidth 
(btts/cycle) 



1 : AU:l compression the LBD requires I bit/cycle or 256 bits evely 256 cycle,. 



0.1 (10:1 compression) 
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24,3 Implementation 

24.3.1 Definitions of lO 



Table 106. LBD Port Ust 



Clocks and Resets 



prst_n 



cdu_€n<Jofban<*store(21 :S] 
ccfu.8tartoft)andstore(21 :5J 



17 



rn 



Out 



I fff^^^'^^^^^^^^'thecunrentbandofdata " 
256-bit word aligned DRAM addres s. 

2S6>brt word alfgned DRAM address. 



Ibd.dlu_radf(21:5) 



17 



64 



Out 



Out 



In 



In 



panled by a vaBd read address. «^owwm- 



Data from DIU to SoPEC Unte. 
Rrat 64-bits Is bits 63:0 of 256 bit word 
S«»nd 64-blts is bits 127:64 of 256 Wt word. 
TOid 64.bits is bfts 191 :128 of 256 bit word 
Fourth 64-bit3 Is bits 255:192 of 2S6 bit word 



^To r<^;^ ^^"^ ^'^^^ ""^ ^ead data Is 



pcu^dataom(3i:0) 



jbd_pcu,datainf3l rO] 



pcujnm 



pcu.lbcLsel 



lbd_pcu_rdy 



32 



32 



SFU Interface data and control signals 



In 



Out 



In 



In 



Out 



Trf Jif '''^ ^"^ ^ ^'^ '^'^^^^^ to decode the 
address space for this block. 



Shared write data bus from the PCU. 



Read data bus from the LBD to the PCU. 



Common read/not^rrte signal from the PCU. 



STadt^?^^' w l"-^' P«/_/bd.se/is high both" 
pcu-^aar^6 pcu^dataout are valid. 



m^^.'^^^'J?^ '^-P«C/tty is high it indi- 

mi!^. '^^^ '^'^ '=^^ « cycle this 

rfrL'^f^'^" registered by ti;?Sock and 
»f a read cyde this means the data on ItxLpcu^datain is 



sfu_lbd_rdy 



In 




Ready Signal indicating SFU has prevfous line data " 
available for reading and is also ready to be written 
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24,3.2 Configuration Registers 

Table t07. LBD Configuration Registers 



A %vrite to this register causes a reset of 
the LfiO. 

Thrs register can be read to indicate the 
reset state: 

0 • reset fn progress 

1 - reset not in progress 




Writing 1 to this register starts the LBO 
Wrttfng 0 to this register halts the LBO 
The Go register is reset to 0 by the LBD 
when It finishes processing a band- 
When Go is deasserted the state- 
machines go to their idle states tjut ail 
counters and configuration registers keep 
their values. 

When Go Is asserted all counters are 
reset. l)ut configuration registers keep their 
values (l.e. they don't get reset). 
The LBD should only be started after the 
SFU is started. 

This register can be read to determine if 
the 1^0 Is ninning 
(1 • running, o- stopped). 



Woric mglsters <n eed to be set up before o roc^mL . ^TZ:^ 
0x14 ' - - ■ — 



0x0000 



Width of expanded bi-levef ftne (In dots) 
(nnist be a nmitlpte of 16 bits). 



Writing 1 to this register enables pass- 
through mode. 

Writing 0 to this register disables pass- 
through mode thereby making the LBD 
compatible with PEC1. 



Number of dots tor which pass-through 
mode win last. If the end of the line Is 
reached first then passthrough will be disa- 
bled. 



NextBandCurTfieadAdr(21 :S] 
(25&4)it aligned ORAM address) 



0x18 



17 



NextBandUnesRemaining 



15 



0x0000 
0 



0x0000 



Shadow register whteh is copied to 
Ci/rrf7eacMdrwhen (NextBandEnabte 
& Gos==o). 

NextBandCurmeadAdrls the address of 
the start of the next band of compressed 
bi-level data in ORAM. 



Shadow register which Is copied to Unos- 
Remaining vA\et\ (NextBandEnab/e i & 
Gos=0). 

f^extBandUnesRemainmg is the number of 
Unes to be decoded in the next band of 
compressed bi-level data. 
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0x0 



Shadow register which is copied to Pmv- 
UneSoufcewhen (NextBandEnMe ^ i 

1 - use the previous Une read from the SFU 
tor decoding the first line at the start of the 
next band. 

0 - Ignore the previous Une read from the 
SFU tor decoding the first fine at the start 
of the next tsand (an all O's line fs used 
instead). 



n{NextBantiEnabie =« 1 & Go «= O) then 
-NextBandCurmeadAdf is copied to 

•MxtBandUnesRemaining Is copied 

to UnesRemafning, 
'NexmandPtBvUneSource is copied 

to PfgyLlneSource, 
-Go is set, 

•NBxtBandEnabfe Is deared. 
To start LBD processing NextBandEnabte 
should t>o set 



0x24 



0x28 



0x34 



Cun-ReacJAdifSlrsj 
(2S6-bit aligned ORAM address) 

UnesRemaining 



PrevUneSouroe 



CurrWriteAdr 



17 



15 



The current 256-b/t aligned read address 
within the compressed bi-level image 
(DI^M address). Read only reg ister. 
Count of number of lines remaining to be 
decoded. The band has finished when this 
number reaches 0. Read only register. 



1 - uses the previous line read from the 
SFU for decoding the first line at the start 
of the next band. 

0 - ignores the previous line read from the 
SFU for decoding the first line at the start 
of the next band (an all O's tine is used 
instead). 

Read only register. 



The current dot position tbr writing to the 
SFU. Read only register. 



indicates whether the current line is con- 
sidered to be the first line of the band. 
Read only register. 



24.3.3 



Starting the LBD between bands 

There are 4 mechanisms for restarting the LBD between bands: 
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cThe PCU IS programmed so that Ibdjinishedband thstfters the Prn to ^v^^.t. 

^r^^^Te fo^n«t bS^ ""^"^ ^^^-'^ '-^^^ sets ATex,- 
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24.3.4 



Top-level Description 

A block diagram of the LBD is shown in Figure 113. 



ORAM tnterface Unit 



\64 



i 



07 



lossless bl-l«vel 
deeocter unit 



Stream 
Decoder 



^pags,thfough_doCienflth 



IS 



_pass_thrDugh_enable 



f^egistef and 
Resets 



J 



fines.rematnlng 



Ene^iength 



Command 
Controllef 



15> 



1 



15 



i>_aO 



tod_<inbftedband 



Next Edge 
Untt 



lbd,sfa. 



J£ sfUJ 



UheRU 
Unit 



Sfu-U d,ffy 



data 



1 k«).i 



datavaOd 



EndofBand 
Unit 



|ptadvwDf^ 



Itxj_plda1a 



.advline 



19 lbd|.sfu^wda^ 



wdatavalit 



Pravfotis 
Line Buffer 



Spot FIFO 
Unit 



Next 
Line Buffer 



Figure 113. Block diagram of losslees bMevel decoder 

The LBD contains the following sub-blocks: 
Table 108. Functfotial sub-blocks In the LBD 



Registers and 
Resets 



Stream Decoder 



Command ControfJer 



Next Edge Unit 



Une Rll Untt 



wesef signals for the rest of the LBD 



fa^L^r.^Mf r'^'r' ^'^^ ^"^fl*' ^« DtU inter.- 

lace. ft deocxjes the bit stream Into a command with arguments which it 
then passes to the command controller. auniems. wnicn a 



Interprets tfie command from the stream decoder and provide the Kne fiU 
unit >jmh a limit address and color to fUl the SFU Ne^TunTsX it ate^ 
prov.des the next edge unit starting address to loo^t!i;:tn^^^^ 



Th^^ J. I P'^^* by the command controller. The next 

edge unit outputs this as the next current address bade to tfie com^ 
controirer and sets a valid bit when this address Is at nfw TJ^T^ 



l.ni,t address, -nw color and tonH aw provhied by ihe command eon^. 
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Naming Of Signals and logical blocks arc taken from [18]. 

^^"^1 Kuril's S^"" ^ •» -ppiy . P^vi™, B„ ^ . ^ 

All output control signals from the LBD must alw;»vc k« -a. 
24.3.5 Registers and Resets sub^lock description 

Ms. The i.gisttr <teiciipUoils for the LBD «. liaed fa TU.iTiOt' ™ "hese two regis- 

tBD ignore, ,L previo,^ linVi.fol^S^.^SS^S^^ri^rist^'l^ "r""" 
hne regardless of what the out of the SFU is. acis as it it is receiving all zeros for the previous 

IJ^'S'S: S'^-'r^^ ° ^ of I-BO and the Go bit 

pressed data strean,. ™" " "squestrng data fiom the DIU and coimnence decoding of the com- 

/• 

24.3.6 Stream Decoder Sut>block Description 

the empty space created by fte b^l 2.ft v ^ P'PO to fill up 

it.toacommand/arguments^JrScht'll^;^^ 
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A dataflow block diagram of the stream decoder is shown in Figure 1 14. 



DRAM (ntoffm Unit 

■X 



1 



Straam Oecoder 



'17 



state 
machine 



^64 



^ 



I CunRea<lAdr | 



• a: 



RFC 
»9Locatlans 



24 



13 



64^ Bairel ShW Register j 




SdAcc SdVbDd 



i I I command^ 



EndOfBaodStorB 



StartOfBandStore 



J- 



'15 



Command ConiniOer 



Figuro 114. Stream decoder block diagram 



24.3.6. 1 OecodeC - Decode Command 

Tlie DecodeC logic encodes the conunand from bits fi n of k » 

mands: SKff» FERTfCAL and RUNLENGm n^l^^ a *° °'«' of corn- 

consumed, which feeds back to^^f^kl^ "° ^^^'^^ '^'^ 

as a medium nmlength this teU the S?^^ Scie^ tS^^lS"'* 3 1 . encoded 

length is decoded completely the LBD^crI'S? w^o^r^iT"?^. containing this mn- 
be a number of bits that represent un-a^^s^t^^^n "^^''^ '^^'^ 

all these bits have been decoded succ^SlTSit.S' " ^^^^jrHROUGHmoil^ until 
or the line ends, which ever comS! * programmed number of bits is reached 

24.3.6.2 DeeodeD - Decode Delta 

15 bit number, which is generally considSJdTS?„c I: ^ °" """P"*" ""'P"* « « 

g2! i^r an A4 page and l1>488 <SrsT'^' ^l^.^^T^::^'' '.'^IZlI^Z^^J^ ^"^^ '^«24 

v^i J^, /oo^> a ^ s compiement representation of -3,-2,- 
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State-machine 

fetch ftom the command controller another i?wS7W^, Jm^^^^^ I *f ^"^""^ "'^^on 

Command Controller Sub-block Description 



24.3*7 
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Figure 115. Comtnand controller block diagram 



24.3.7.1 State machine 



The following is an explanation of all the states that the state machine utilizes 
i START 

(N« E.,e u.i„. ^z^^T^t^ -a a«» 

AWAITJUFFER 

The yVEC/ contains a buffer memory for the data it receives from th^ <2Ptt wi,-^ 

enters this state the /\^^C/ detects this and starts huff^nT^^ SFU When the command controller 

state when the state machinS^^cJ^^^^ t^Nrt TT'^'^t' "^'^ '^^^^ 

mand controller can proceed to the PARsTs^l ^^^-^^^^O state. Once this occurs the com- 

iii PAUSEJCC 

During the decode of a line it is possible for the FFFO in fhA ct^-.-«, a j 

command controller enters to achieve* thic a ^^^^^^^^ pause. FAUSEJDC is the state that the 
bo* asserted and Je LBD tr^::^l^Z^^:SLr ^^"'^ '^-'''-^ 
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When in this state the command controller can nxei ve one of four valid commands- 
a; Runlength or Horizontal 

maud coMrolle, to wait for lh« Line Fill uSt fLFin^ ^Z., l»ts « . time), ,t ,s itt«ss„, for ,1,, cm,. 

b) Vertical 

.^\'Srr::;i;,':r=tt;s..*:fr^"sr^ 

the conem position In the nteviZtoe f» «L L 'I"" "•to' « "Wte it looks from 

.U.IC It is importsnt to ootS th^Ta'SL'uotSSi^e'l^'S 2 it '» 

element on the prerious line ^^"^^Sjr'' T° " "1 ™™" " " 

c~t..£,„.«,..^jiL"s:SSSL°s:;Srrpi^i'"'^'^'^^^^^ 
s^ii^e^s t'«?^si:;et^s.Jr — 

Skip 

fh^^/t'TlsteTSle^^^^^ «>.mmands but the color in the current line is not 

that the command «,ntroUer ^^r^ret^o two separate skip commands 

the cunent color in this case. ''e''ftea/(0) commands and has been coded not to change 

d) Pass Through 

LBD can recommence no^rSSfp^^n aS^'^f^J^if 1 " 

color as the last bit in u„-comp«ss?d^ "ttX^J^ZH m^T "f" ""^^ ^ '"""^ 

command controller as each pL thro^^^^^^t^T t"" 

cessed in one clock cycle. ^ »»m the stream decoder can always be pro- 

V WAITJFOR_HmLENGTH 

clock cycle the command coS«^te„ ^Lo tt ^^/^^l^^Tf *^ RyNLBNGTH. After the first 
L£Arc7n/data has been co^^ed^S LTJtf ^ 'he 

controller wiU renm, to t^^^S'steT co'nmand 

WAjrr_FORjiB 



remains here until ^^cSe fdeSSfd^litdTtrno/r^^^^ ^-^^-^^^-^ state and 

renim to the PARSE " " ^'^ ^'^^^ command controller will 
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VII 



FINISHJLIffE 

nnoins in uie timsM_f.lNE state for one clock cycle to achieve this. 




24.3.8 



Figure 116. State diagram for the Command Controller (CC) state machine 
Next Edge Unit Sub-block Description 

SFU and it buffers Z ^^^^ Z"^^ ^^^^ S^'^^'^T ''^ 

Controller suppUes the cumsnt f ^ ^^"^ ^''"'^ operation the Command 

A^FawiU se^ Ae?Lb^lSe f^.^^^^^^ also supplied and using these two values the 

Command CbntreUerTtT^ e« adlt^ Tl^^ ^- ^^1' ^'^'^ '^^^ '^'^'^O" ^ ^ 

tioller that the edge h^£^„ 5e «tS?i^e Sn T^T, u " '^'^ Co»™d Con- 

A^^C/ operates onTd bT. ^^t^Stll^^^M. t^ ftl^r^o"^ ""^^ '^^ 

thiscasetheNBU^lr^uestmoreworr^:;rs*JS^3^/^X""^^^^^ 
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tinue doing this until it finds an edge or reaches th^ ^nH 



Command CcrttnoJter 



15' 



Line 
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Unit 
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T i I 



15 



15 
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3 
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detect 
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P^_Bne a 



16 



buffer 
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.sfu_Ibd_pldata 

— /: 



16 



Ibd] 



Next Edge Unit 



jSh^pUtdvuofj^ 
,sfu_adv«ne 



SFU 



Figure 117. Next Edge Unft block diagram 

24.3.8.1 NEU Buffer 



struct the current fiame of the current line. ""^^oa mat is needed from the previous line to con- 



' as the SFU 
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ftamc it needs it on the next clock cycle to maintain a decoded rate of 2 bits per clock cvcle A mr.r. 
detailed diagram of the buffer in the NEU is shown in Figure 118. ^ 



16 

>«0-Prev_Hft©_a ^ — yL. 



16 



pl_bufLnly- 



-4- 
4- 



16 



sfu_tt)d,pld3ta 
pLt)uflLRjy_dly 



Figure 1 1 8. Next edge unit buffer diagram 

^"^f ^ ««e^.^.//«e.a and line b that are used to 

detect an-edge that .s relevant to the cunent line being put together in the Lile Fiii JSi 

24.J.a2 NBU Edge Detect 

The Edge Detect block takes the two 16 bit veaors supplied by the buffer and based on the current 
line posmon m the current line. aO. and the current color. s^Jlor. it ^11 detect ifThe.:TiX^^,^^^ 
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15 



uso_prov_||no_b 



I 



transittor>_wtob 



3 C 



jciansitionubtow 




19y <tecode_b_ext & decode,!? & FlRST^ftU WRITE 



Figure 1 19. Next edge unit edge detect diagram 

occur in the 

The output of the multiplexer is masked against a 19-bit vector the m«ir,c ^ J 

catenated together: decode_t_ext. decodelb and ra^r fSSt" " "^'^^ ""^ 

wo^^tt LTilfe^-ne £i r^'^T -^^rio~n_tu.^y ate all the ti^tions in the 16 bit 
and including aO ^:TJ^lnZ d<^ IZ^i^^Tn "i'"^" '^"^ 

t«nsitionshe.ow..,„ig.otedandthe?^t''2^ili^r«.^^^^^ 
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Tabre 109. Decode^b truth table 







0000 


1111111111111111 


0001 


1111111111111110 


0010 


1111111111111100 


0011 


1111111111111000 


0100 


1111111111110000 


0101 


1111111111100000 


0110 


1111111111000000 


0111 


11111111100000OO 


1000 


111111110OOOO00O 


1001 


1111111000000000 


1010 


1111110000000000 


1011 


1111100000000000 


1100 


1111000000000000 


1101 


1110000000000000 


1110 


1100000000000000 


1111 


1000000000000000 



Table 110. Oecode.b.ext truth table 





Vertjca!(-3) 


111 


Vertlcal(-2) 


111 


VerticaJ(-l) 


Oil 


OTHERS 


001 
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24.3,8.3 Encode_b_one_hot 

block. • » n ims the tnrth table outlining the fiinctionally required by this 



Table 111. Encode.b_one_hot Truth Table 







'^^wwuwxxXXXXXXXXl 


'•'wuuwoooouOOOOOOl 


XXXXXXXXXXXXXXXXX10 


uuuuuoQOOOOOOOOO0 1 0 


XXXXXXXXXXXXXXXX100 


^'OOOOOOOOOOOOOOOIOO 1 


XXXXXXXXXXXXXXX1000 


0000OOfWWWwv\4#vM 1 
^^^^'^^'^^^'^^'UWUiOOO 1 


XXXXXXXXXXXXXX10000 


000000000000001 0000 I 


XXXXXXXXXXXXX1 00000 


0000000000000100000 


XXXXXXXXXXXX1000000 


0000000000001000000 


XXXXXXXXXXX10000000 


0000000000010000000 1 


XXXXXXXXXX100000000 


0000000000100000000 1 


XXXXXXXXX1000000000 


0000000001000000000 1 


^«OO(XXXXl0000000000 


0000000010000000000 1 


XXXXXXX100000000000 


0000000100000000000 1 


XXXXXX1000000000000 


0000001000000000000 1 


XXXXX10000000000000 


0000010000000000^0 1 


XXXX100000000000000 


0000100000000000000 1 


XXX1000000000000000 


0001000000000000000 1 


xxioooooooooooooooo 


0010000000000000000 1 


^(100000000000000000 


010000O0O00OO000000 1 


1000000000000000000 


1000O0O0OO0OOOO0OOO j 


0000000000000000000 


0000000000000000000 1 



located Incases of Wtip,e^es.on,U"^°lrS;'^^^^ ^ » 

24.3,8.4 £ncode_b_4bit 

o^clt!'^sS:r^ °' *^ -codes the data to determine the addr^s 

asserted the bit location in Ae vector is c^e^St r T ^ ''"^"^ « » bit 

number is one. if bit one is asserted then roHtc'TS'^r''' r ' ? ^^'^ 

umuer IS one, etc. The delta supplied to the A^BC/ determines 
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v*awmi«j command is being processed. The fonnula tha. is implemented to «turn bip to 



the command 



for V(n)blp = x -^ n moduluslS 
where x is the number that was extraet-«>/i « 
command extracted from the •one-hot- 



vector and n is the vertical 



24,3.8.5 State machine 




^ZCUloixaliiLi. 




Figure 120. State diagram for the Next Edge Unit (NEU) state machine 

TTie following is an explanation of all the states that the NEUsUttt machine utilizes. 
NEUJSTART 

^ i^^ottattflle STh^^^^^ - -•^^ ^ <«--«ted. TT.S 

controller has entered .Vs ^AjTb^FF^^^^ """""^ ^ cot^^ 

^ enceiea s AfVAITJUFF state. When this occurs the NEU enters the NEU_FILL _PVFF 

U NEU_FILLJ3UFF 

completed it entm ofe /.E^Jo^ ^^^^^ '^^ '""^ Once 

/« NEUJiOLD 
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T^V waits in this state for one clocic cycle while data requested the SFU on the last access 
rv NEUJiUNNlNG 

V NEU^lAPTf 

S Si^u^'^n^^^^ ^T"^^ --pleted line to the SFU. The 

the LBD. ^ ^""^^ <ieasserted. Tins occurs when the end^ofjine signal is detected from 
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24.3.9 



Line Fill Unit sub-block description 

when it b3s put together a cSu,kte 16 . ""^'^ Conunand ContmUer and 



A dataflow block diagram of the line fill unit is shown in Figure 1 19. 
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Edga 
Unit 



command contrefler 



IS. 



'<old_sd_oolai' 
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▼ T t ^ 
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4 Omtt 



lftj.state 
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16 



16^ 



flne.filLtfata 



WDf1(^«fu_wdata 



ia ibd_sfb_wdata 
p. 



SFU 



Figure 121. Une fill unit block diagram 
The dataflow above has the following blocks: 

24.3.9.1 State Machine 

The foUowing is an explanation of all the states that the LFU state machine utilizes. 
i LFUJSTART 

TJis is the state that the LFU enters when a hard or soft reset nr^trc ^ u ^ . 
This state can not left until the reset has been^oJ/n^ T "^^^^ ^ de-asseited. 

longer zero, this only o^u« on^^^^^ ^ ^^^^ ^^^^ that is no 

only occurs once the command controller start processing data from the Next Edge Unit 
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LFUjCOMPLETEJiEG 
is the four lower significant iiJofT^iS"^^^ 



tn^lffff TFNfiTH 




24.3.9.2 iine^filLdata 



Figure 122. State diagram for the Line Fill Unit (LRU) state machine 



LFU,START) OR (Ifu.state == LFU NEW RBG) then 
work^sfu^wdata « color^cel I6bit If ^ ' 

else 

Vfork_cfu,wdat:ot(15 - linHc) downto limit] = 

color.sel.l6bit_lfr(I5 - limit) davmto limitj 
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25 Spot FIFO Unit (SFU) 

25.1 OVERvrEW 

HCuX^^triPr""'"' ""'"^ ^^'"^ ^ between the LBD and the 

affecting either the LBD orH^t^n^fT^ ■ « ''^ ^ increased or decreased without 

both the horizont,! InTj:::^ ."r^.„ 4^?™. Non-integer seating is supported in 
but nuiy be ptograa^^ t^tlJS^ '^^^-^^ the same in both directions 

25.2 Main features of the SFU 

The SFU replaces the Spot Line Buffer later&ce rsr Rn t»% Dur^i -n. . 

DRAM «Qicnace (SLBI) in PECl. The spot line store is now located in 

HCU reS^^h E^roS^^ outputs the 

Width of 16 bits. The SFU interfaces^e HCU SSYl^wiSron^^^^ SFU with a data 

rore.Sn;readso.ORAMwotdsattheendor:l;;V^^^^^ 

that the SFU is available for ft^^ supp hed uistead). aads/ujdb_nfy to the LBD indicates 

LTc^f^rlScu^Sus^e'sm^^^^ "1 r *° ^"'^ ^° Another signal 

^/i/_Ac«_av«,7sign^ is true. The HCU can therefore stall waiting for the 

X and Y non-integer scaling of the bi-level dot data is performed in the SFU 

256 cycles. A single DIU iWTn^rfSe Sli X 1 ^^e access every 

DRAM. • ^" ^^'^ '^^S *e current and previous lines from 
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25.3 Bi-LEVEL DRAM memory buffer between LBD, SFU and HCU 




high address 

^ lbcLnextline_acfr 

> fbd^revline.adr 
hcu_readnne_adr 
^ hcu.startreadUne.adr 

low address 




high address 



^ Ibd^nextline.adr 

hcu_readlfne_adr 
> lbd_prevline_adr 
^ hcu_startreadiine_adr 



low address 



Key: 



(a) 

Free buffer space 
^ FUled buffer space accessed by LBD Interface FIFOs 
^3 Filled Buffer space read by HCU Read Une RFO 

O ™«*Buf<erspacereadbybotf,HCUReadUneFIFOarKJLBDInterfaceFIFOs 

Figure 123. BMevel DRAM buffer 

2r«.e%^J,^r^'*'^:L'^s1r SlSSTr <^^'^-^ «»^«^ ^BD previous line addxess reading 

before the HCUx^ l^e ^2 ;:d^- ^> ^'^^^ ^BD previous line address reading 

^"^^LflT^l^tr;^O^Sv^^^^^ r ^^---l dram bu^er is not line 

based concept is that the line the HCui cumsSv "''O «f P«>8nmunable size. The only line 

be re-read for scaling puiposer ^ over-written because it may need to 

The SFU interfeces to ORAM via three FIFOs: 

-.The HCUReadLineFlFO which supplies dot data to the HCU 
b.The LBDNe^tUneFlFO which writes decompressed bi-level data fn,m the LBD. 
c^The LBDPre.UneFIFO which reads previous decompressed bi-level data for the LBD 
There are four address pointers used to manage the bi-level DRAM buffer- 

a. hcu^readUne_adrpt:5J is the read address in DRAM for the HCUReadLineFlFO 
SS2:L-;.?g' ^ - the current line being read by 
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o.lbd^extiine_adrpJ. SJ is the write address in DRAM for the LBDNextLineFIFO 
6.lbd^revline_adrpj:SJ is the read address in DRAM for the LBDPrevLineFIFO. 
The address pointers must obey certain rules which indicate whether they are valid- 
^'*^-^!^'-'fS!1l '>^ ""'^ "^^8 the line than 

lbd_nextline_adrpl:5J != hcu_ftartreadlme_adrr21:5J. '^ruuirvmia 
cThe LBDNextLineFIFO must be writing earlier in the line than LBDPrevLineFIFO is readine 
and must not overwrite the current line that the HCU is reading fromi.e. n/aZ2 j^^ 
'bd^-^hne_adrpi:5JMU>djr^line_adr[21:5JANDhcuitartr^^^^ 

*]J'iSr^i2f '^^i*^ ^LBDNextLineFIFOis writing le 

pVJulrvaltd = lbdj>revlme_adrr2I:5] /= lbd_nextline_adr[21:5J. ^ 

e. At Startup i.e. when s/u_so is asserted, the pointers are reset to start jju adrfll 51 Th« fi«» 

f. The address pointers can wrap around the SFU bi-level store area in DRAM. 

As a guideline, the typical FIFO size should be a minimum of2 lines stored in ni» AM ., , .• 



25.4 DRAM ACCESS requirements 



The SFU's DIU bandwidth requirements aie summarized in Table 1 12. 
Table 11 z PRAM bandwidth requirements 




1: Two separate reads of 1 bit/cycle, 
2: Write at 1 bit/cycle. 



25.5 SCALING 



L'^Lm^^^^^^^ venical directions by the SFU so that 'the 

lua oe greaier man or equal to the dcnonunator. Scaling is implemented using a counter 
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or 



if (count 4. denominator >= numerator) then 

count = (count ♦ denominator) - numerator 

advance = 1 
else 

count « count * denominator 
advance = 0 

SFU Im s^Sm «. .nto TOU r ™f ^^^•i'-"'^' «« »CU- When Ibe 

asserted causes the next input dot to be output on the next cycle. o^^^^Sl^sli^ S^uJiSs''^^ 







m 


0 


0 


1 


3 


0 


1 


6 


1 


1 


2 


0 


2 


5 


1 


2 


1 


0 


3 


4 


1 


3 


0 


0 


4 


3 


0 


4 


6 


t 


4 


2 


0 


5 



25.6 Leao-in and lead-out cupping 

To account for the case where there may be two SoPPr H<>inr.»<, — k ^- - 

line, the first dot in a line may not be J^ic^d Ae to^^c^!' i*^ PO«i°» of dot- 

SoPEC. The dot wiU ultimately b^ scaleTuL^^^! u f^**^" ''^ ^ individual 
its lead-out and the o&erS^^ sSKS'o"'^ both dev.ces doing part of the scaling, one on 

lengtl^ will be ignored. sS^.g oT,^ f^t te ^Z l^^'Jf' ' «° ^""""^ "^^ 

the XstanCoun,%stcr. ^ ^ ^''^ " « controlled by setting 

^«.^t^toT;r^er;;re^?r^ 

set to the appropriate value of c.««, in Z l^^c J^J' '"^^ " '""^ XstartCount needs to be 
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25.7 Interfaces between LDB, SFU and HCU 




SFU 



hc*j .sfu^advdoi 



1 SflJ, 


hcu_8data 


sfu. 


hcu^avail ^ 



HCU 



25.7.1 LDB-SFU Internees 



Figure 124, Interfaces between LBO/SFU/HCU 

next line to the SFU and reads the previous 



The LED has two interfaces to the SFU. The LED writes the 
line from the SFU. 



25.7.i.1 LBDNextLineFiFO interface 

'^^^^f^^^^f^O^^ froni the LED to the SFU comprises the following signals: 

• /M_j/5/_wai2/fl. 16-bit write data. * 

• ibd_sfi4_wdatavalid, write data valid 

• ^M-4;i#_a£ft.//n€i signal indicating LDB has advanced to the next 1^^^^ 
^J^TrSf^^ ^-'^^ '^^ "-^^ ^ ^^'^^^^^ --^-fi 

25. 7. f .2 LBDPrevUneFiFO interface 

""^.^^A^^^ ^^'^ ^o"owing signals: 

^^'^^r^^/ '""'^"^T ^'"^ "-^^ ^^"^"^^ following signals: 

Ibd^sju^ladvword, signal indicating to the SFU to supply the next 16-bit word. 

• Ibd^fii^advline. signal indicating LDB has advanced to tlie next line. 
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Previous line data is not supplied until after the first lbdjsju_advline strobe from the LBD (zero data is 
supphed instead). The LBD should not assert tbd_ffit_pladvword unless s/ujbd_rdy is asserted. 

25. 7. 1. 3 Common Control Signals 

sju Jdb_rdy indicates to the LBD that the SFU is available for writing. After the fiist lbd_fJu_advUne and 
before the number of lbd_sfu_pladvword strobes received is equivalent to the LBD line lenrth. 
fOdb^ mdicates that the SFU is available for both reading and writing. Thereafter it indicates the 
SFU IS available for writing. 

The LBD should not generate lbd^fit_ptadvword or lbd_^_advline strobes until sjujdb jdy is asserted. 

25.7^ SFU-HCU Current Line FIFO Interface 

The interface ftom the SFU to the HCU con^riscs the following signals; 

• sfuJxcMjdata, 1 -bit data. 

• sfitJuM_avail. data valid signal indicating that there is data available in the SFU HCUReadUne- 

FIFO, 

The interface from HCU to SFU comprises the following signals: 

• hcu_fJu_advdot, indicating to the SFU to supply the next dot 

TTie HCU should not generate the hcu_sfii_advdot signal until sfujicu^avail is true. The HCU can there- 
fore stall waiting for the sjujicu_avail signal. 
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25.8 Implementation 



25.8.1 Definitions of lO 

Table 114. SFU Port List 



Crocfc s and Resets 
pdk 



prst_n 



DtU Read Interface signals 



In 



SoPEC Functional dock. 



In I Gtobal reset signal. 



j sfu_dlu_rreq 




Out 


SFU requests ORAM read. A read request must be aooom- 
panied by a valid read address. 


j sfu_diu_radr(21:5) 


17 


Out 


Read address to OIU 

1 7 bits wide (256-bit afigned word). 


1 diu_8fti.rBck 




In 


AcknowJedgo from DIU that read request has been 
accepted and new read address can be placed on 


diu_data[63.-0] 




In 


Data from DIU to SoPEC Units. 
First 64-bits are bits 63:0 of 256 bit word. 
Second 64-bits are bits 127.-64 of 256 bit word. 
ThIfd 64-bits are bits 191:128 of 258 bit word. 
Fourth 64>bas are bits 255:192 of 256 bit word. 


1 dfu_sfu.rvaUd 

1 DIU Write Interface signals 


1 


In 


Signal from OIU tefling SoPEC Unit that valid read data is on i 
the diujdata bus. 



8fti.dlu_wreq 



sfu.diu_wadr(21:5I 
diu.sfii.wack 



sfu_diu.data(63:0] 



sfu_<fiu.wvalid 



17 



64 



POO interface data and control signals 



Out 



Out 



In 



SFU requests DRAM write. A write request must be accom- 
panied by a vaOd write address together with vaHd write data 
and a write valM. 



Write address to OIU 

1 7 bits wide (256-brt aligned word). 



Acknowledge from DIU that write request has been 
accepted and new write address can be placed on 

sfu_ cfiu_wadr, 

Out I Data from SFU to DIU. 

First 64^ts are bits 63:0 of 256 bit word. 
Second 64-blts are bits 127.-64 of 256 bit word. 
Third 64-bits are bits 191:128 of 256 bit word. 
FiHirth 64-bits are bits 255:192 of 256 bit word. 



Out 



Signal from PEP Unit indkating that data on sfu dtu data Is 
vaFid. " ~ 



pcu.addr(5.*2] 

pcu_dataoutt3l:0) 
8ft^U)cu^dataint31 :0I 



pcu_rwn 



pcu.sfb.sel 



32 



32 



In 



In 



Out 



In 



PCU address bus. Only 4 bits are required to decode the 
address space tor this block 



Shared write data bus from the PCU 



Read data bus from the SFU to the PCU 



In 



Common read/not-write signal from the PCU 



Block select from the PCU, When pctLSfti_se/is high both 
pcu_addrand pcu^dataout are valid 





Table 11 4. SFU Port List 



sfu_pcu_rtfy 

LBO Interface Data and Control S 


1 

signals 


m 

Out 


Ready signal to the PCU. When sftujocajy is high it Indi- 
cates the last cycle of the access. For a write cyde this 
means pat.daeaocif has been registered by the block and 
for a read cyde this means the data on s^ufcu datain Is 
1 valid. -w««„,.a 


sfujbd_nly 

tbd_sfii_advUne 

fbd.sfii^acfvword 

sfujdb_pldata[15:0] 


4 
1 

1 
1 

16 


Out 

In 
In 

Out 


Signal indication that SFU has previous line data available " 
and Is ready lo be written to. 

Une advance signal for both next and previous lines 
Advance word signal for previous line buffer. 
Data from the previous line buffer. 


lbd_8fM.%vdata(15.-0J i 

tbd_8fu.wdatavalid 

NCU Interface Data and Control S 

hcu.s^_advdot 

sfu_hcu_8data 
sfu_hcu_ava« 


16 
1 

Ignals 
1 

1 
1 


In 
In 

In 

Out 
Out 


Write data for next line buffer. 

Wnte data valid signal for next line buffer data. 

Signal indicating to the SFU that the HCU is ready to acceot" 
the next dot of data from SFU. 

BWevel dot data. 

Signal indicating valid bHevel dot data on sfu_hcu_sdata. 




SoPEC ; Hardwar e Design 

25.8.2 ConHguration Registers 

Table lis. SFU Configuration Registers 



SI 



Control registers 



0x00 


Reset 


1 


1 0x1 


A write to this register causes a reset of 
the SFU. 

This register can be read to indicate the 
reset state: 
0 ♦ reset in progress 
^ 1 - reset not In progress 


I 0x04 
[ Setup registen 


""Go 

1 


1 

the page] 


0x0 


Writing 1 to this register starts the SFU. 
Writing 0 to this register halts the SFU. 
When Go is deafisArtAH in a ctafa 
machines go to their idle states kxjt all 
counters and configuration registers keep 
their values. 

When Go Is asserted all counters are 
reset, but configuration registers keep their 
values (f,e. they dont get reset). 
The SFU must be started before the LBO 

Is started. 

This register can be read to determine if 

the SFU is running 

(1 - running, 0 - stopped). 


1 0x08 
1 OxOC 


HCUNumDots 
HCUO RAMWarri« 


16 
8 


0x0000 
0x00 


Width of HCU One (In dots). 

Number of 256-bit DRAM words in a HCU 

line. 


1 0x10 ^ 


LBONumWords 


12 


0x000 


Number of 16-btt words In an LBD line. 
(I-BD line length must be a multiple of 16 
bits). 


j 0x14 
1 0x18 


StartSfuAdi(21:5I " 
(2564>it aligned DRAM address) 


17 

— 


0x0000 
0 


Rrst SFU location In menrmry. 


EndSfiiAdf{21:5J 

(256-bft aflgned DRAM address) 




0x0000 
0 


Last SFU location in memory. 


OxlC 


XstartCoum 


8 


0x00 


Value to be loaded at the start of every line 
Into the counter used for scaling in the X 
direction. Used to control the scaling of the 
first dot in a line. 

This value wiO typically equal zero, except 
in the case where a numt>er of dots are 
clipped on the lead in to a line. 


0x20 


XscaleNum 


8 


0x01 


Numerator of spot data scale lector in X 
direction. 


0x24 


XscaleDenom 


8 


0x01 


Denominator of spot data scale factor in X 
direction. 


0x28 


YscalaNum " 


8 


0x01 


l^unr»erator of spot data scale factor frt Y 
direction. 


0x2C 

Worfc registers (F 


VscatGDenom ~ 
CU has read-only access) 


B 


0x01 

■ 


Denominator of spot data scale factor in Y 
direction. 
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Table 1 1S. SFU Configuration Registers 



0x34 



0x38 



Ox3C 



HCUReadUneAdff21 :5J 
(256-bft aligned ORAM address) 



HCUStartReadUneAdrt21 S] 
(256-bit aligned DRAM address) 



LBDNexaJneAdr(21 :5J 
(2S6-bft aitgned DRAM address) 



LBDPrevUneAdrt21 :5] 
(256-bit afigned DRAM address) 



17 



T7 



17 



17 



S5 




Curam address pointer in DRAM to HCU 
read data. Read only register. 



Start address In DRAM of line being read 
by HCU buffer in DRAM. Read only reals- 
ter. ^ 



Current address pointer In DRAM to LBO 
write data. Read only register 



Current address pointer In DRAM to LBD 
read data. Read only wglster 
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25.8.3 SFU sub4}lock partHion 



S5 




sfu_dJu_wreq 

sfu_dlu_watfi(2l:5] 

sfu.diu.data[63:0] 

sfci.dlu_wvand 

<Su_8fu_wack 



sfu_diu_rreq 
6fU-(fiu_rad421:5] 
<ffa.8fu_dataf63:0] 
diu^s(u_rvaHd 
<fiu.8fu.rack 



Figure 125. SFU Sub-Block Partition 
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The SFU contains a number of sub-blocks: 







Kuu jnierrace 


PCU Interface, configuration and status regrsters. Also generates the Go 
and the Reset signals for the rest of the SFU 


LBD Previous Una 
RFO 


Contains FIFO %vhnh is read by the LBD previous line interlace. 


LBONextUne RFO 


Contains FIFO vvhJch is written by the LBD next Une interfeco 


HCU Read Une 
RFO 


Contains FIFO which Is read by the HCU interttoe. 


OIU Interface and 
Address Generator 


Contains OIU read interface and DIU write interfece. iWlanages the 
address pointers tor the bi^evei ORAM buffer. Contains X and Y scallna 
loQia ^ 



ml 3 ^rr^ i^^'' ^ knowledge of where in DRAM their read or write data is stored. In 

ttas sense the FIFO sub-blocks are completely de-coupled from the bi-level DRAM buffer All DRAM 
address management is centralised in the DIU Interfece and Address Generation sub-block. DRAM access 
IS pre-emptive ,.e. after a FIFO unit has made an access then as soon as the FIFO has space to r«Ml or data 
* access W.11 be requested immediately. This ensures there are no unnecessary stalls intro- 
duced e.g. at the end of an LBD or HCU Une. 

There now follows a description of the SFU sub-blocks. 
25.8.4 PCU Interface Sub-block 
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25.8.5 LBOPrevLineFIFO sub-block 



SI 



Internal Outpu 


t 








pHLrdy 

OIU and Addresa Generation sub 


4 

1 

Nblodc Slgi 


Out 
nal8 


Signal Indicatfng LBDPrevLlneRFO is ready to be read 
from. Until the firet /bfiLs/ii^adW/nafdr a band has been 
received and after the number of fiidLsft/^Zadvwo/d strobes 
received for a line Is equal to LBDNumWords. ptf rdy Is 
always asserted. During the second and subsequent lines 
pfLfttyis deasserted whenever the LBDPrmrUneFlFO is 
empty. 


ptLdiurreq 


1 


Out 


Signal Indicating the LBDPrBvUneFIFO has 256-blts of data 
free. 


pHLdiurack 


1 


In 


Acknowledge that read request has been accepted and 
pILdiuneq should be de-asserted. 


plf.djurdata 

pif.diunvalid 
prLdhiidte 


1 

1 
1 


In 
In 

Out 


Data from the DIU to LBOProvUneFiFO, 

Rrsi 64.blts are bits 63:0 of 256 bit word. 

Seoond 64-bils are bits 127:64 of 256 bit word. 

Third 64^its are bits 191:128 of 256 bit word. 

Fourth 64-bits Is are 255:1 92 of 256 bit word. 

Signal Indk^iting data on piLtffurdata Is vaHd. 

Signal Indicating DIU state-machine fe In the IDLE state. 



25.8.5,1 General Description 

!S! t!? A^^^?^^ sub-block comprises a double 256-bit buffer between the LBD and the DIU Inter- 
face and Address Generator sub^block. The FIFO is implemented as 8 times 64.bit words The FI TO L 
wntten by the DIU Interface and Address Generator subiiock and rj byTe LBD ^ 
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LBD 
6fu.|]d_i>ftiata ^ 



/I 



16 



word^salect] 



64 

z. 



lbd_8fti.advflno 



8 word 
64-bit FIFO 



read 
"I — 



tc 



write 



'readLadr wrila.en 



ZERO 



64 



-pILdiurdata 



wrtte^adr 



FIFO control 
logic 



ptf^dlurraq 



pff.dtufBCk 



^ ptf_dhjrvancf 



Figure 126^ LBDPrevUneFlfo Sub-block 
^■^^ '^^'i'jn «" *~ f TO wai of 4U. fa,„ to DIU IM»f«>. 




plt-diurdata[63:0J F 



{ I I 2 I 3"n r-j- 



Figure 127. Tfming of signals on the LBDP««,LlneFIFO Interface to DIU and Address Generator 
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resfltas=0 



-►(idle J 



diuldle s 1 



256-bft8freft In FIFO 



^ Request ^ diurreq = 1 . druldle =0 



^ Ack ^ diurreqaO 



dlurvanrf=-| 



DataO ^ 



diurvaird^t 



^ Datal ^ 



dlurvalid==l 



^ Data2 



diurvalfda=^ 



— ^ Data3 ^ 



Figure 128. Timing of signals on LBOPrevLineFIFO interface to DIU and Address Generator 

I^^^J^^^'^'^ ^OPrevLineFIFO on lhd_pldatanS 0] 

? T^S'*/' ^""^^ ^^f^^neFIFO to supply the next 16-bit w^nL The FIFO 

nut^ ^/A^r*?!'*'''^'/^.^^ ^^^^^ ^^^^ ^bi^ ™0 wom to o«t- 

2 When the entire current 64.bit FIFO word has been n«id by the LBD 

ibd^sfii^ladvword will cause the next word to be popped from the FIFO. 

PrevioiJLS line data is not suppbed until after the first Ibd^sju^advline strobe from the LBD after sJu_go is 

HTl u '"PP"'^ ^"^^ ^« Ibd^Ju^advUne strobe after^A^ 

/o</..;^_pto(/vvvon/ strobes are Ignored. 

The LBDPrwUneFlFO conXnX logic uses a counter. pladvword_count[] 1:0], to counts the number of 
/JJ^^'-^^t^ '^'^ pladvywrd_count counter is reset to 0 by 

LBDNu^JrX ^'"^-^^-P'^o^ st«>bes received is equal to 

Traie I^D^LineFIFO generates a signal pZ/./tfj, to indicate that it has data available. Until the first 
lbdjfii_aA>lMe for a band has been received and after the number of lbd^Ju_pladvv,ont strobes received 
for a Ime ^ equal to LBDNum Words, plf_rdy is always asserted. During the ^^nd and subsequenr/inS 
PV~rdy IS deasserted whenever the LBOPrevLineFIFO is empty. 

t^VS*^?!-'''' '""I'lf*' ^'^^^ extra padding which shouidnot be output to 

the LBD. ms IS because lbd.num_words may not fit exactly into a 256.bit DRAM word. When the count 

? • ° i^-^-^-^^'^'^ « « to lbd_num_wonis the Lfi/JPrev- 

X^/ieF/FO must adjust the FIFO read address to poim to the next 256-bit woid boundaiy in the FIFO This 
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Z^ITS^S '^rntfSh'al^r;'?/ --'--^/^••^y. requi. 3 b:ts to address 8 loca- 



if (pladvword.count IbdUnuin.words) then 
readL.«dr 11:01 t bOO 
rea4_adr(2] = -read.adr(2j 

25.8.6 LBDNextLineFIFO sub-block 

Deflnlllon 

LBDNextUneFIFO Interface Signals 



nlf_rdy 

DIU and Address Qenefatlon sub 


"l 1 Out 

Hfatock SJanalo 


1 Signal indk»eng/30/Vaxitirw/7TO 
1 i.e. there la space In the FIFO. 


nlf_diuwreq 


1 


Out 


Signal Indicating the LBDNextLMeFtFO has 256-bit8 of data 
for writing to the DIU. 


niLdiirwack 
1 ntf_diuwdata 


1 


In 


Acknowledge from DIU that write request has been 
accepted and write data can be output on nff diuwdata 
together with ntLdiuwyatid. ^ 


nif_diuwvafrd 


1 
1 


Out 
In 


Data from LBDNextUneFtFO to DIU Interface 
f=irst 64-blt8 is bits 63.-0 of 256 Wt woid 
Second 64-blts Is bits 127:64 of 256 bit word 
Third 64-blts Is bits 191 :128 of 256 bit word 
Fourth 644)fts is bits 255:1 92 of 256 bit word 








Signal IndicaUng that data on wtf^diuyvdata Is valid. 



General Description 
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sfu.WKfata.rog 



KxLsfu.vMfata 



16 



64 



T 



64 

^ 



Sword 
64.bitFIFO 



wwrf.60fect / "2 wrlte^adr 



ibcLsluLwvaad 



ibcLnumjMortfs ^2 



wnte 



read 



writa.oo 



✓ ^ read^adr 



64 



nH.diiAvdata 



FIFO control 
logic 



nlf_<fluwreq 



nff_dhjwack 



<^.dluwvafid 



Ffgur© 129. LBDNextLlneRfo Sub-block 

Whenever 4 locations in the FIFO are fUl the FIFO wiU remiPct J^i^w^t. ^ * * u 

Interface and Address Generator bv a<L^ertina T • ^ ""^^^^ ^ *e DIU 

has been accepted^S^ S 

DIU Inter^ce'as 

that the data on nlf diuwdataf63 0J is vaHd. nlf 2ll vTJ^flt ^ nlf^dtuwvalid indicates 
after /,// ^mwociL If the Z^^S^^ ^ ^"^^ ^"^^ ^^^ency 

asserted agaia ^^^^^^^^^0 stiU has 256.bits more to transfer then nlf^diuwreg should be 



pclk 
nlfjiuwreq 
nJf.diuwack 
nlf_wdiudata[63:0] f 
nlf_diuwvalid 




Figu™ 130. -nm^ « „,„.,. .„ LBDN«OUn«,FO tottrtto to OIU -« Ad*... G«,.«„ 
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5 



— »^ Idle ^ 



256>brtahiFIPO 



^ Request ^ dluwreq^r i 
^ Ack ^ cfiuwreqaO 



^ DataO ^ diuwvalklal 



^ Datal ^ cfluwvalid:si 



^ Oata2 ^ 



oDuwvaJidsl 



^ Data3 (fluwvalidsl 



Figure 131, LBDNextUneFIFO DIU Interface State Diagram 

"^^^ i^/>yV«rZ://.eF/FO has space for writing by the LBD. The LBD 
^^.l^i. n : 5f "^^""^ 'W^^A-M^ra^/J.-t)/. /W^^wva//^ indices that datais%tlld 
The data is coUected to make up a 64-bit word before being written to the FIFO. 

The LBDNexiLineFIFO control logic counts the number of /W^A WiV/ signals The Ibd ^fu .^nli^ 
:^T^^^^^ - ^« '''^ - ^ to DRAM With padding being 



25.3.7 sfu_lbd_rdy Generation 



^DN^lZ^^S!^ " ^'""^"^ ''^ "'^-'^ ^/>/'«vL/„ef /FO and from the 

SD^iSlS^S^ASef^iS,'?.^^ '■^^ » »P«* available in the 

A ?' ^ (bdjsfii^advline and before the number oilbdjfii_phuhv,ord strobes 

[?T " T^'"v '° indicates that the SFU is av^Slf fef^^ rS^t 

j^^e« .s data m the £i.DPrevi/„e/^//-a and wdting. n,e«after it indicates the SFU is a^i^S 
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25*8 LBO-SFU Interfaces Timing Waveform Oescriptlon 

The main points to note from Figure 132 are- 

spaces in the SFU FIFO) ^^oru unm ciock cycle 3 (one of the two remainmg 

oiutt^ii by ^* ^^"^ 0° ''y^Ie 8 it starts 

^tl^cT^ /*OA_>«faW«, and putting new data out which is by^ 

Ii;^aot*L1S~"" — *^ -'^ -»"ch Should be highlighted. On exaction this turns 
Scenario I : 

Scenario 2: 

s/ujbd_jify will go low when there is still 1 piece of data in th^ FiFn li^tu^^^ ^ ^ . 

sjujbd_pldata[15:0]. ^ ^^-loo^ assert again, and so the data will appear on 

Scenario 3: 
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Read from SRI tnf BP 




Flguro 132. Signal waveforms between LBD and SFU 
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25.8.9 HCUReadLineFIFO sub-block 

^o'^'ell 8. HCUReadUneFJFO Additional lO Definition 











hnLxadvance 


1 


In 


Signal from horizontal scaling unit 
1 - supply the next dot 
1 • supply the current dot 


hrf.hcuendofline 


1 


CM 


Signal lasting 1 cyde indicating then end of the HCU read 
Gne. 


hrLdiurreq 


1 


Out 


Signal Indicating the HCUHeadUneF/FOhas space tor 256- 
bitsofOiUdata. 


hrf^dlurack 


1 


In 


Adcnowfedge that read request has been accepted and 
hrf_cffurrBq should be de-asserted. 


hff.diurdata 


1 


In 


Data from HCUReadLineFIFO to DIU. 
First 64-blts are bits 63:0 of 256 bit word. 
Second 64-blts are bits 127.-64 of 256 bit word. 
Third 64-bils are bits 191 :1 28 of 256 bit word. 
Fourth 64-bits are bits 255:1 92 of 256 bit word. 


hdLdiurvaRd 


1 


In 


Signal indicating data on pif^diuniata is valid. 


hrf.diukfle 


1 


Out 


Signal indicating OtU state-machine is in the IDLE state. 



25.S.9.i Generai Description 

ThcHCUReadLineFIFO sub-block comprises a double 256.bit buffer between the HCU and the DIU 
.^^^^ sub-block. The FIFO is implemented as 8 times 64-bit words. The HFO 

IS wntten by the DIU Interface and Address Generator sub-block and read by the HCU. 



4 hrf_dhjfdata 




hrfdfumfid 



Figure 133. HCUReadUneFifo Sub-block 
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The DIU Interface and Address Generation (DAG) sub-block interface of the HCUReadLineFIFO is iden- 
tical to the LBDPrevLineFIFO DIU interface. 

Whenever 4 locations in the FIFO are free the FIFO wiU request 256-bits of data from the DAG sub-block 
by asserting hrf_diurreq. A signal hrfJLiurack indicates that the request has been accepted and hrfjtiurreq 
should be de-asserted. 

The data is written to the FIFO as 64-bits on hrf_diiirdata[63:0] over 4 clock cycles. The signal 
hrf^diurvalid indicates that the data returned on hrf_diurdataf63:0] is valid. hrf_diurvalid is used to gen- 
crate the FIFO write enable, write^en, and to increment the FIFO write address, write jadr [2:0]. If the 
HCUReadLineFIFO still has 256-bits free then hrfjdiurreq should be asserted agaia 

The HCUReadLineFIFO generates a signal s/ujicu_javail to indicate that it has data available for the 
HCU. The HCU reads single-bit data supplied on s/ujicu^sdata. The FIFO control logic generates a sig- 
nal bit^elect which selects the next bit of the 64-bit FIFO word to output on sjujicu^sdata. The signal 
hcu^fii_fldvdot tells the HCUReadLineFIFO to supply the next dot (hf ^advance ^ 1) or the current dot 
{hrf^advance =- 0) on sfujicu^sdata according to the krfjcadvance signal from the scaling control unit in 
the DAG sub-block. The HCU should not generate the hcu^Ju^advdot signal until sjujicujavail is true. 
The HCU can therefore stall waiting for the sfujicu^avai! signal. 

When the entire current 64-bit FIFO word has been read by the HCU hcu_sJu_advdot will cause the next 
word to be popped from the FIFO. 

The last 256-bit word for a line read from DRAM and vmtten into the HCUReadLineFIFO can contain 
dots or extra padding which should not be output to the HCU. A counter in the HCUReadLineFIFO, 
hcuadvdot_count[lS:Ol counts the number of hcu^Ju_advdot strobes received from the HCU. When the 
count equals hcu_num_cbtsfJ5:0J the HCUReadLineFIFO must adjust the HFO read address to i>oint to 
the next 2S6-bit word boundary in die FpO. This can be achieved by considering the FIFO read address, 
read_adr[2:0J, will require 3 bits to address 8 locations of 64-bits. The next 256-bit aligned address is cal- 
culated by inverting the MSB of the read^adr and setting all other bits to 0. 

If lhcuadvdot_count « hcu^unudots) then 
read.adr(l;0] ts bOO 
read^adrf2] = *rea4_adr[2] 

The DIU Interface and Address Generator sub-block scaling unit also needs to know v/hea 
hcuadvdot_count equals hcu^num^dots. This condition is exported from the HCUReadLineFIFO as the 
signal hrfjicuendoftine. When the hrfjicuendofline is asserted the scaling unit will decide based on verti- 
cal scaling whether to go back to the start of the current line or go onto the next line. 

25.8.9,2 DRAM Access Umitaaon 

The SFU must output 1 bit/cycle to the HCU. Since HCUNumDots may not be a multiple of 256 bits the 
last 256-bit DRAM word on the line can contain extra zeros. In this case, the SFU may not be able to pit>- 
vide 1 bit/cycle to the HCU. This.could lead to a stall by the SFU. This stall could then propagate if the 
margins being used by the HCU are not sufficient to hide it. The maximum stall can be estimated by the 
calculation: DRAM service period - X scale fector ♦ dots used from last DRAM read for HCU line. 
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25.8.10 DIU Interface and Address Generator Sub-block 

Table 119. DIU Interface and Address Generator Additional lO Description 



S5 



Internal LBDPrevLlneFIFO Inputs 



pILdiurreq 




In 


Signal Indicating the LBDPrevUneFtFOhas 2Se-bits of data 
free. 


pILdiurack 




Out 


Acknowledge that read request has been accepted and 
plLdiuneq should be de-asserted. 


pILdlurdata 




Out . 


Data from the DIU to LBDPmvUneFIFa 
First 64-b<t8 are bits 63K) of 256 bit word 
Second 64-bits are bits 1 27:64 of 256 bit word 
Third 644>it8 are bits 1 91 :1 28 of 256 bit word 
Fourth 64'bits are bits 255:192 of 256 bit word 


plf^diurrvalid 




Out 


Signal indicating data on plLdiuniata is valid. ~~ 


ptf.diuidl6 




In 


Signal Indicating DIU state-machine is in the IDLE state. 


internal LBDNextLineFIFO Inputs 


nff_diuwreq 




In 


Signal Indicating the LBDNaxtLlneFIFOhas 256-bits of data 
for writing to the DID, 


nlf_diuwad( 




Out 


Acknowledge from DIU that write request has been 
accepted and write data can be output on nif_diuwdata 
together with nfCdiuwvatkf. 


ntf^diuwdata 




In 


Data from LBDNextUneRFO io DIU Interfece. 
Rrst 64-bit3 are bits 63,-0 of 256 bit word 
Second 64*blts are bits 127:64 of 256 ba word 
Third 64-bits are bits 1 91:128 of 256 bit word 
Fourth 64-bils are bits 255:192 of 256 bit word 


ntf_diuwval{d 




In 


Signal Indicating that data on wtfjdiuwdata is valid. 


Internal HCUReadUneRFO inputs 


hrf.hcuendofltne 




In 


Signal lasting 1 cyde Indicating then end of the HCU read 
line. 


hiOcadvance 




Out 


Signal from horizontal scaling unit 
1 * supply the next dot 
1 - supply the current dot 


hrfjdiurreq 




In 


Signal Indicating the HCUReadUneRFO has space tor 256- 
bfts of DIU data. 


htfjdiurack 




Out 


Acknowledge that read request has been accepted and 
hrfjdiurreq should t>e de-asserted. 


hrf^dturdata 




Out 


Data from HCUReadUneFfFOto DIU. 
Rrst 64-bits are bits 63:0 of 256 bit word 
Second 644)its are bits 127:64 of 256 bit word 
Third 64-bits are bits 1 91 :128 of 256 bit woixJ 
Fourth 64-bits are bits 255:192 of 256 bit word 


hrf^diurvafid 




Out 


Signal indicating data on p// diurdata is valid. 


tirtjdiuidle 




In 


Signal indk»ting DIU state-machine is in the IDLE state. 
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25.8.10.1 General Description 

Tie DIU Interface and Address Generator (DAG) sub-block manages the bi-Jevel buffer in DRAM It has a 

All DRAM address management is centralised in the DAG. DRAM access is pre-emptive i e. after « FIFn 
umt has made an access then as soon as the FIFO has space to read or data tT^ a Dnl^I Ju ,2 
o^ HCU fi^r"'"'''"- '^"^ "^"^ °^ "^"^ introduccdTg^ S^^ToTanlBD 

Sr wTH?^^ ^ ' horizontal and vertical non-integer scaling logic is completely contained in the DAG 
f T' "^P""* hl/^ance signal to the HCUReadLineFJFO M SI? 
cates whether to replicate the current dot or supply the next dot for horizontal scaling. 

25.8.10.2 DIU Write Interface 

tht LBDNextLineFIFO generates all the DIU write interface signals diiectlv exc«t for 
^/S,_rf,«_wair/2y.-J7whichisgenenttedbytheAddressGenerationloS^ ^ ^ 

~ «»P'«°»<^nt»*'o» must ensure that no erroneous requests occur on 



nlf_dlu¥vreq 
ntLadfvaUd. 



& 



Wilbk^roq 



^nlLAiwack 



nILdiuwdata 



64 



nlLdlinwaild 



DIU 



|4- — Wnte- — 
Inter^^ce^ 



sfu_<Cu_wreq 



diu_5fu_%vBck 



X ► sfu.dlu.data[63:0) 
► 8fu.dlti.wvBnd 



Figure 134. DIU Write Interface 



25.6.10.3 DiU Read interface 



^h^'iS'^^^f^"'^^£n ^"f^'^' " ''^'-'-^^JpV. which indicates whether the DIU 
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sefecLhrfplf 




pll.dturack 



64 

64 64^ 
pif.dlurdata ^ \ 



-<liujsfU_rack 



dlu.8(u_data(63:0] 



plf.diuivalld ^ 



hrCdiurvand 



- diu_8fu.rvaffd 



Figure 135. DIU Read Interface multiplexing by seloct_hrfplf 

^^^."^^JT"^ arbitiation logic is shown in Figun. 136. The arbitration logic wiU select a DIU read 
.3£f or^// ^,u^^ and assert .>i..^u,^^ which goes to the DIU. The ^^^^ 
DIU read add«ss u; generated by the Address Generation Logic. The select signal select fS^^^sl 
according to the arbitration winner iO-^HCUReadlAneFIFO 1 « LSnPr^SuLVrv^^ . 

to ensure that the DIU read data is multiplexed back to the HFO that request.^ S n<=ccssary 



hff_<fiuwreq 



hff,adfyaOd 



ptf,adrvaikl. 



& 



& 



diu_sfu_raclc 
diu^idJe 



Read Request 
Arbitration Logic 



2 

bistoiy 
> 



busy 
> 



^ select^hrfplf 
-^s(u.diu_iTeq 



Figure 136. DIU read request arbitration logic 
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S5 



The DIU read requests from the HCUReadLineFIFO and LBDPrevLin^FIFn win k „ ^ • 

A pseudo-code description of the DIU read arbitration is given below. 



hrf/pi£). hrC is HCUReadLineFIFO, pl£ is LBDPrevLineFIFO 



// history is of typo (none 
/ / initialisation on reset 
select_hrfplf = 0 // default choose hrf . 
history = none // no DTO read access iamadiately preceding 

x'f IdiSid'rf/rr^hr ^» ^<»1- — te then de^as.ert husy 

busy to 0 

^^^fnT^'^r^^'^ received from Dni then de-assert DIU re<xuest 
If (diu_sfu_rack l) then «^«quesc 

//de-assert request in response to acknowledge 

sfu_diu_rreq =0 

// if not busy then arbitrate between incoming requests 
// if request detected then assert busy 
if (busy e= 0) then 

'/if there is no request 

if (hrf^diurreq 0) AND (plf^diurreq 0) then 

sfu_diu_rreq a 0 

history « none 
// else there is a request 
else ( 

// assert busy and request Oiu read access 
busy m 1 

sfu_diu„rreq « l 

// arbitrate in round-robin fashion between the requestors 
i i it Z HClTReadLaneFlFO requesting choose HCUReadl-ineFlFO 
If (hrf^diurreq l) AND (plf^diurreq then 

history = hrf 

select^hrfplf « o 

/f I3DPrevLineFIFO requesting choose LBDPrevLineFIFO 

If <hrf_diurreq 0) AND (plf^diurreq 1) then 
history = plf 
select_hrfplf = i 

ii^^.J^J'^ HOmeadLinoFIFO and LBDPrevLineFIFO requesting 
if (hrf_diurreq == X) AND (plf.diurreq l) then 

// no iimiediately preceding request choose HCUReadLineFIFO 
ir (history ass none) then 
history « hrf 
select^hrfplf • o 

eisif ZTJ^Z frZl;"^^^^^^^'^^^ Choose LBDPrevLineFIFO 
history = plf 
select_hrfplf « 1 

el's!' Xt':^ Winner w« LBDPrevLineFIFO choose HOmeadLineFiFO 

history = hrf 
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select_hr£plf = o 
// end chore is a request 
) 

25.8.10.4 Address Generation Logic 

The DIU interface generates the DRAM addresses of data read and written by the SFU's FIFOs 

t^lI^Ti^"' i:if^A^««i.«^F/Fa on nl/_diu>^eg causes a write request from the DIU Write 
Interfece. The Address Geneiator supplies the DRAM write address on sju diu_wadrf2J^5J 

t^^J^-^rrJ/^.^" ''"^ '"'•"^ '-^^ - request from the DIU 

Read Interface. The Address Generator suppUes the DRAM read address on sju_diu^pi°^. 



sfuao 












1 






«fu.dhi_iadr(21:S) 




17^ start_sfu_adr 








sfu_dii^wadrI2i:5} 


-> 


17^ Mr_8ftj adr 






— = 


W 


Address Generator 








8 ^ hcu.dram words 






'V 


hcu.readRne_adr 


— ► 




» 






hctcstartreadlinejadf 












bd.nextline_adr 


— ► 


hrf.diarack 








lbd_pfi8vllne.adr 


— ► 


nHLd&iwacfc 


1 




hff_adrvalid 




» 






hlt.stBrt.adfvaird 






» 




nfLadrvBlid 


ftNf_sftf^dvnne 








plf.adrvBlid 




*\ 





ngurs 137. Address Generation 

The address generator is configured with the number of DRAM words to read in a HOI lin» 

Address Generation 

There are four address pointers used to manage the bi-level DRAM buffer 

a- hcu_readline_adr[2J:5J is the read address in DRAM for the HCUReadLineFIFO 

c. lbd^nextline_adrpi:5] is the write address in DRAM for the LBDNextLineFIFO 

d. lbd_prevline_adrpi:5J is the read address in DRAM for the LBDPrevUneFIFO. 
The current value of these address pointers are readable by the CPU. 

Four corresponding address vaUd flags are required to indicate whether the address pointers are valid- 

a. hlf_jadrvalid. 

hlfj5(art_adrvalid, 
c nlf^adrvalid, 
d. pifjadrvalid. 
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SI 



DRAM ^ Fn:Os wiu b. ,o ft. DIU u„«, a,e .ppr^riaa «ld«» f,^ v^id 

Rules Tor address pointers 

Til. addiess p«i„tm n,«n obqr certain ml«, which Indicate whchc, d^y «c valid- 
"■^Cf ?-^^/Vi' '' " "^l" i« the line tim 

c. The LBDNextLineFIFO must be writing earUer in the line than LBDPr^LineFIFO is reading 

lbd_nextl,ne_adr[21:5J /= tbd_prevHne_adr[21:5J AND hcu_ftartreadline valid 
"'^ ^^^ff /^<? can read right up to the addiess thiit LBDNextLineFIFO is writing / « 
plLadrvaM - lbd_prevline_adr(2i:SJ /= lbd_nextline_adr[2l:S]. "^""^^ ' '^ 

f. The address pointers can wrap around the SFU bi-Ievel store area in DRAM. 
X scaling of data for HCUReadLineFIFO 

The signal Ac«_^/u_arf.A,r teUs the HCUReadUneFIFO to supply the next dot or the c^.rr^t H«t 
should supply the current dot hrf.jcadyance is 0 the HCUReadLineFIFO 



-4^ 


xstartjooum 


► 








xscaie.num 


— ^ 


X Scaling Control 




^ 






» 








fwt-»Ku_eodofrme 




Unit 










— » 








P 









Figure 138. X scaling control unit 

'T^? " r"'"^^^'' r Should 



if <hcu_sfu_dotodv == i) then 

if (x_scaXe_counc ^ x_scale_denoni 
3^scale_couiit = x_scale_counc 
hrf^xadvance a l 
else 

x_scale_count «= x_scaae__count 
^f.xadvance » O 
else 



- x_6cale_nuzn >o 0) then 
♦ 3e.scale_denom - x_scale_nuni 

+ x_scale_dQnom 
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x,scale_count = x^scale.count 
Y scaling of data for HCUReadLIneFIFO 

if (hrf_hcu.endo£line l) then 

I'^ZTJl''^'"'''"'' * y-scale.denom - y.scale.num >= O) then 
y_scale_count = y.scale count ♦ y scale A.n«m , 7 
hrf^advance = i -^^^^ y-Scale_denom > y.scale_nua 

else 

• y-«"l«-<=0""t ♦ y_8cale.denoin 

else 

y_8cale_count = y_3cale_count 
^f-,y advance = 0 





yscate.num 


— ► 




. hrf^yadvanoe 




yscate.denom 
hrf_hcu_endomne - 


— ► 


Y Scaling Control 
Unit 




— » 











Figure 139. Y scaling control unit 

ii^'.J'Tj'^ line 

offset = hcu.startreadline_adr - end^efu^adr 
If (offset >a 0) then 

^ hcu.startreadline.adr « start^sf u^adr + offset 
hcu readline_adr - hcu_8tartreadline_adr 

hcu.readl7::;^adr /h^u.sta'lt^dl^n'eZ^r^^^ " 



Figure 140 shows an overview of X and Y scaling for HCU data. 
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hcu_fttartreadJine_ddr hcu readttne adf 

/ / ■ 



ORAM 



start pf next hcu Bne In ORAM o 

hcu^startreadUne_adr * hcu,<Jmin.%wfds 




read from ORAM 



hcij_sfu_advdo* 



AdvanceX 
dot count A 
from HCU 



256 bfts 



256 bits 




When DRAM reads lor line 
are oomptete advance to next 
Kneor return to start oJ current fl 
acc ording to Y^scafirxi . 



Number of ORAM reads for the fine 
determined by end of HCU line 
according to X-scaOng. 



W^xadvar^ce 

— ^ 



CX-scale 
logic J 



sfu_hcicsdata 
HCUReadLi nePXFO 



Y-scale 
logic 



— hcu_sfu_advdot 



Ffflure 140. Overview pf X and Y scaling at HCU Interface 



Address generator pseudo-code: 
loitialization: 

if (sfu^go rising edge) then 

//set flag to allow first write 
init = 1 

//if first write co^^le^" ' «t«rt^sf»^.adr (21 :5J 
olslf <plf_a<irvalid == ij then 

//reset flag allowing first write 

Init c 0 



Address valid signals: 

nlf_«drvalid = i„it 0^7?^^ „2'r?f^ " "cu^starcreadline.adr 

pXf_.drv-lia . ^^rlli^^r.'^^J^ldt^-'^'^^-'^^^ Hrf_start.arvalid, 
Address pointer updating: 

/ / LBDNex t LineFlFO 

//If end of SFU address range 

//^rT^t'"^-"'^ " end_sfu_adr) then 
else -'"^ ° scart_8fu_«dr 

//increment address pointer 
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lbd.nextline_adr :i Ibd^nextline.adr ^ l 
// LBDPrevLineFXFO 

ii^^iJ^^^ r*"* acknowledge and LBDPrevLineFlFO address is valic3 

lbdj>reviine_adr « start_sfu adr 
else 

lbd_prevHne^adr « lbd^revline_adr + i 
// HCUReadLineFIPO 

it^LZ^T" '""J HCUReadLineFIFX) address is valid 

offset » hcu_8tartreadline^adr - encL.sfu^adr 
xf (offset >a 0) then 

^ hcu_startreadline.adr = start^sfu^adr + offset 
hcu readline^adr « hctustartreadline.adr 

f^?K ^''^^ current line 

elsif (hrf^hcu^endofline - j, ^ND ( hrf ^advance 0) th^ 

hcu.readline^adr = hcu^startreadllnel^^ ^''^ 
//if pointing to end of SPO address space 
elsxf (hcu.readline_adr =- end.sfu^adr) then 

//go to start of SFU address space 

hcu_readline«adr = start^sfu adr 
else " 

//increment address pointer 

hcu.readline,adr » hcu^readline^adr ♦ 1 
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26 Tag Encoder (TE) 



26.1 Overview 



ORAM 
fnterfeice 


^ t 
Wj eno 


ag 

Oder 




tag FIFO 
4fnrt 


— ^ 


" 1 

haUtoner/ 
compositor 












PCU 


< — 
















te.finlshedband 







Rguro 141. High level block diagram of TE in context 

provided on oflFset-printed pa^ using bl«rink ^ absoipttve. limited functionality can be 

encode b«nons.Alten>ativeIyLinvSe'S^Scc^T^d^r?^ ' ^o'^-pleto 

a legular page. However, if invisible IR iduTSX*^ m^be dT\ "'"'"T '^^^^ ""^ *°P °^ 
mfoTOadon on the page is printed in inftared-i^^r^CM? ^1 « K. VT'.^' P™»«<1 

«o.»i>«l o™, do. p„ cycl. i, should „uL SslS SS^.^r^*"' '"^r'"" P" B i, 

%j^fDz cycle pertonnance edge attained in the PECl TE. 
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26.2 What are tags? 



(US Patent 2.612.994) when electronic parts were scarce and very expensive. Now however, with the 
Sri ^.^^ ^'"^'^ technology, nearly every item purchased from a shop con- 

tains a barcode of some descnption on the packaging. From books to CDs. to grocery items, the barcode 
SI? * T'T^* of identifying an object by a product number. He exact interpretation of the 
product number depends on the type of barcode. Warehouse invento^. tracking systems let users ifSe 
their own product number ranges, while inventory in shops must be more universally encoded so that prod- 
uct from one company don't overlap with products from another company. Universal Product Codes 
SsSi^J^T"^" ^^^®*' ^ "''"^ ^"^""^ Association of Food Chains for 

c^cZ^T!^"^- ^""if^ T't^^ ^ "^""^^ '^^ fonnats contain 

characters tha^ are displayed m the fonn of lines. The combination of black and white lines describe the 

charactCTs (the mformation itselO and lines to separate blocks for better optical recognition. While the 
mformation may change from barcode to barcode, the lines to separate blocks stays «irt. The lines to 
separate blocks can therefore be thought of as part of the constant structural components of the 
Barcodes are read with specialized reading devices that then pass the extracted data onto the computer for 
further processmg. For example, a point-of-sale scanning device allows the sales assistant to add the 
scarmed .ten, to the current sale, places the name of the item and the price on a display device for verifica- 

SdSie b^odS'"'' ^ ^^'^ """^ 

To help ensure that the data extracted was read correctly, checksums were introduced as a crude form of 
^oo7-^fc'°'^ ^""^ 2D barcode developed by Andy Longacre 

ml995 (US patent number US5591956).but now released to the pubUc domain, use redundan<JencS 
schemes such as Reed-Solomon. Reed Solomon encoding is adequately discussed in [24]. [261 and 1301 
The reader ts advised to refer to these sources for background infomiation. Very often the degree of redun- 
dancy encoding is user selectable. s rcuun 

More recently there has also been a move from the simple one dimensional barcodes Oine based) to two 
dimensional barcodes. Instead of storing the information as a series of lines, where the data can be 
froni a single dimension, the information is encoded in two dimensions. Just as with the original 
bareodes. the 2D barcode contains both infonnation and structural components for better optical recSni- 

S^L,t!r V^^,^:^,'^^^'' ^ ^^'^ '^'^y' 'i^y^^opcd by I^nso of 

OJS patent number US5726435). Note the bareodc ceU is comprised of two areas: a data area (depends on 

° '!! u "^"^Z^- * ^'^^ P^«™- «on«ant position 

detection pattern is used by the reader to help locate the cell itself, then to locate the cell boundaries to 
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21 blocks wide 




position detection 
pattern 



Figure 142. Example OR Code developed by Oenso of Japan 

TTie number of barcode encoding schemes grows daily. Yet very often the hardware for producing these 
b^c^s .s specie to the particular barcode fonnat As printers become more and mo«Tb«ide4 ^ 
^q^'he nSftSS ?n T^'^T' r^'^J>'^^'^ ^O'^^ ^ P-ticular. Netpage enab^l;;^;^ 
»L! ^ K ^T^'^ P'^S*' preferably in infta-red ink. TTie tag^^usSer^ 

iZ^hT^l iT"'"^ ^J"^" """"^S '^^^ ^Wch is particularly suited to real-fee^^nStL 

f'^^dfvtie^br^^oSr''^^""^^''"^^'^^^ 

iSv inil^V™ " ^'r^"*"'* ^ *"ff«rent people. Sometimes it refers 

c^ it ^Jt^^^rr^' ~* ^"'"^ position deletion patten,. In o^r 

cases It refers to both data and constant position detection pattern. 

^nSon Tn'^*' T '° combination of data and any other components (such as posi- 

r;gts?<r.^s:s^isg^-rprr*"'"''^ 

. data area(s). The data area is the whole reason that the tag exists. The tag data aieafs) contains the 
encoded data (optionally redundancy-encoded, perhaps simply checksum^ed) wS fte Wte ^f S 
data a« placed withu. the data area at locations ^ecified by ttie tag encoding scheme 

. consent background patterns, which typically includes a constant position detection pattern These 

iritSdo^J^'^ 'T'"^' "^^"^'^ '"^'"'^^ components that a^easy to locate and^coVtSn 
onentation and perspective mforaiation in the case of 2D tags. Constant background pattemsLy ahJ 

' ii^ oatt^'^ ".K '^I'^r ^ r°""^« ^ - positio^^^pa^^ht^ 

" interference between tags 

reoTr^dtv Tf^^ schemes aere is at least some constant background pattern, but it is not necessarily 
^e^a non ontic?[J^'' • 'V*** ^« « ^^^^^^ by a physical space and the reading S 

z'^Tp^:^vzTz^:^^"' "'^'^^ '^'> ^ p*^^^*^- 

to' SrJlT^ ""^^i '^Ss- *ff««°t allocation of physical tag area 

^S^letlX and dau area. For example, the QR code has 3 fixed'^bloc.i !t 

St t^e SetSe . P""'" ^^'^ '"^^ and a data area in the remainder. By con- 

S'n^^STd^S?? '^'^ "'^ •'"^ ^^"^^ component, an orien- 

tation feature, and scveial data areas. Figure 143(a) shows the Netpage tag constant background pattern in 
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Netpage tag. Note that to Fi^ m a siSlc bTof d^Lt " f '^^O f"' a 

fonn a block within the data area ^ represented by many physical output dots to 





(a) NotpagetaBbackgrouiKl pattern /mu-^ . 

<l>)Netpags tag showing data area 

Figure 143. Notpage tag stmetura 




Flguire 144. Netpage tag with data rendered 



at 1600 dpi (magnified view) 



26.2,1 Contents of the data area 

The data area contains the data for die tag 
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ning resolution For example, in the QR code (see Figure 142). a single bit is represented by a dark module 
or a light module, where the exact number of dots in the dark module or light module depaids on the ren- 
denng resolution and taiget reading/scanning resolution. For example, a dark module may be represented 
byasquaie block of printed dots (all on for binary l.or all off for binary 0). as sh0M« in FiguiT^ 




21 blocks wide = 42 dots widd 



□ 



posHondetaeljen 
pattern 



single 
s2x2black 



Figure 145. Exampre of 2x2 dots for each block of QR code 

IJ^trnS,*** "^!f " ^ represented in the printed tag by an arbitrary 

pmited shape. The anaUest shape is a single printed dot. whilethe largest shape is theorelically the whole 
tag Itself, for example a giant macrodot comprised of many printed dots in both dimensions. 

definition structure allows the generation of an ari>itiaiy printed shape fiom each bit 



26.2^ What do the bits represent? 

«^«iaa original number of bits of data, and the desire to place those bits into a printed tog for subsequent 

mechanism, the original number of bits can either be placed directly into 
^i::S:i:^oi::^'^'^^ " ^ of redundancy encodinj wUl 

^'^'^''y '"^'^'^ redundancy mechanism 
employed m the encodmg scheme. The idea is generally to place dato bits together in 2D so that burst 

ZJ^^omcn^r^ ^/.^^ '^''^'y correctable. For example, all the bits of 

bSt^. ^ tag data area so to minimize being affected 

Since the data encoding scheme and shape and size of the tag data area are closely linked, it is desirable to 
have a generic tag fonnat structure. This allows the same data structure and rendering «nbodiment to b^ 
used to render a vanety of tag formats. * « wiiwui lu oc 

26,2,2.1 Fixed and variable data components 

1 to'Xiry^h lc' f!f '"^ «^onably divided into fixed and variable components. For example, if 
a tag holds AT bits of data, some of these bits may be fixed for all tags while some may vary from tag to t^g 

TL^^m ^^^^ '''v """ifr' " ^""^^ ^ ^^"P^y Since these bits don't 

Sr^^^ I f • """^ ^ "^^^'"^ ^ *o Provided to the tag encoder 

each time, thereby reducmg the bandwidth when producing many tags. 
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S5 



for each tag. By reducing the So.S of v^Su h ? k *f "^^^ ^ ""y be different 

the ovenOlLLdth^ " *^ '^'"^ "^"^ ^r each tag. 

pletely variable, while aK^^encod«S« llltTf"' ^ 'f""^ '""^^ "^^ 

of tag data bits. "^"^ wg encoder such as SoPEC s tag encoder may have a maximum number 

26.ZZ2 Redundancy^ncode the tag data within the tag encoder 

LT;^l"bSr^^lLt^^^^ 

to significant savings of bandwiSSTSS^^t^iS^e ^ " "^"^ "^'^ "^^ »^ 

rtve bandwidth and inteiJ sSe ri\^ if ^^^^^^ 

encoded data was read ^ ""^^ ^°^<i be required if the 

26.3 Placement of tags on a page 

TTie TE places tags on the page in a triangular grid arrangement as shown in Figure 146. 

Landaeape Orientation doldlrecUon 



Aonraiteriantation 



dotdirecUan 
► 



0 0 0 

0 0 0 



0 0 0 



*Jne direction 



® ® 



UnedJracUon 

Figure 146. Placement of tags for portrait & landscape printing 



respond to the same U^^T^l^Z SS^! ^t^'"'; ^^^s on that line cor- 
native lines of tags whwT o™ iST^f • ""^S^^ placement can be considered as alter- 

of dots is i^rT^Z^^Zl^ZSl^':''' "^'^ 
from the line inter-tag gap *^ « the same in botfi lines of tag. and is different 

same. parameters of hne and dot are swapped, but the placement mechanism is the 
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The general case for placement of tags therefore relies 



Stan RosIUon 



ABTagUfto Position 



on a number of parameters, as shown in Figure 147. 
^ dot (firoctbn 



tagwfmin 
tag's bounding 
box 



Tag width 
<- ► 



Dot Inter-lag gap 



Una intsr-tag gap 



tine direction 



tag within 
tag's bounding 
box 



tag within 
tag^ bounding 
box 



Tag height 



Dot Inter-tag gap 
H ^ 



tagwtth{n 
tag's bounding 



Figure 147. General representation of tag placement 
The parameters are more formaUy described in Table 1 2n Wot- *u 

not registers. ^ »cnoea la labie 120. Note that these are placement paiameteis and 









1 Tag width 


' " wtfg uounaing oox 

The number of dots tn a slngfe line of the tag's tiound- 
^g box The number of dots in the tag itseJf may vary 

dots in the txHincfing box wUI be constant (by define 
oon). 


minimum l 
minimum 1 


Dot inter-tag gap 


The number of dots from the edge of one tag's bound- 
fr»Q bwc to the start of the next tag^ bounding box. in 
the dot direction. 


minimum s 0 


Line Inter-tag gap 


The number of dot lines from the edge of one taa-8 " 
bounding box to the start of the next tag's bounding 
box. In the line direction. 


minimum = 0 


Start Pbsfticm 


^ »>« »<V teft dot on the page - Is an 
offeet In dot & row within the tag or the Inter-tag gap 




AftTagUneP^'tion 


Defines the status tor the start of the altemafe row of 
t^ Is an ofbet In dot within the tag or within the dot 
"Wer-taggap (the row position is always 0). 





26.4 



Basic tag encoding parameters 

Although the restrictions ^e^: cS^:^:^^i:^TZZ ^ll ^"^"^ ^^^P^^' 

o «Ke me most nicely encodmg scenarios into accotmt, it is a sim- 
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pie matter to adjust the buffer sizes and coiresponding addressing to allow ;trhit«r^ . 

in future implementations. ^uuressing to allow arbitrary encoding parameters 



'^^^^^ ''21. Encoding parameters 



W 



page width 




tag size 



N 



Of 



number of dots in each dimension of the tag 



redundancy encoding for tag data 
size of fixed data (unencoded) 



size of redundancy-encoded fixed data 



size of variable data (unencoded) 



size of redundancy-encoded variat>le data 



2^^ dotpaifs or 20.48 inches at 1600 dpi 



typical tag size Is 2fnm x 2mm 
maximum tag size is 384 dots x 384 dots 
before scaling i.e. 6 mm x 6 mm at 1600 dpi 



384 dots before scaling 



Reed-Soiomon GF(Z*) at 5:10 or 7:8 



40 or 56 bits 



120 bits 



120 on 12 bits 



tags per page width 



360 or 240 bits 



85 packed 6mm s< 6mm lags (384 x 384 
dots) win fit in 20.48 inches 



26.4.1 Redundancy encoding 



burst eirois and effectively det« S^r^ ° ""^"^ '^^"^^^ 

encoding is adequateT^S2dt> mwXS7.m"?;?* T^'T °^ Solomon 
backgioiid u^naaZr^^ * ^* ^ ^ ^ " »° *»>esc sources for 

j^tStd:^o*dIl^^^^ r^"^ ^«'<^ Sy^nbol 

polynomial is S = ^ +1 ^^^t^^ '"^^^^ * f 60 bits. The prin^tive 

°^5c/.V^'~'''' ^^"^ possibilities for encoding: 

' sSsL'a^^^r^SS^^i'^o^^^^ lOredundancy 
= (xHx)(jcH^)...(x^l^ ^ ^ " ^« 8«°«««0' polynomial is therefore ^4 

{*+«X^)...(«*5) ^ '° polynomial is = 

£^%to '^"^ "'"^^^ '^P- - •''O bits (40 

able) as fciZT «<'"«<«ancy encoded to give a total amount of 480 bits (120 fixed. 360 vlri" 
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• Each tag contains up to 40 bits of fixed original data. Therefore 2 codewords are required for the fixed 
data, giving a total encoded data size of 120 bits. Note that this fixed data only needs to be encoded 
once per page. 

• Each tag contains up to 120 bits of variable original data. Therefore 6 codewords are required for the 
variable data, giving a total encoded data size of 360 bits. 

In the second case, with 7 symbols of original data, the total amount of original data per tag is 168 bits (56 
fixed, 112 variable). This is redundancy encoded to give a total amount of 360 bits (120 fixed, 240 vari- 
able) as follows: 

• Each tag contains up to 56 bits of fixed original data. Therefore 2 codewords are required for the fixed 
data, giving a total encoded data size of 120 bits. Note that this fixed data only needs to be encoded 
once per page. 

• Each tag contains up to 112 bits of variable original data. Therefore 4 codewords are required for the 
variable data, giving a total encoded data size of 240 bits. 

The choice of data to redundancy ratio depends on the application. 



The Tag Format Structure (TFS) is the template used to render tags, optimized so that the tag can be ren- 
dered in real time. The TFS contains an entry for each dot position within the tag^s bounding box. Each 
entry specifies whether the dot is part of the constant background pattern or part of the tag's data compo- 
nent (both fixed and variable). 

The TPS is very similar to a bitmap in that it contains one entry for each dot position of the tag*s bounding 
box. The TFS therefore has TagHeight x TagWidth entries, where TagHeight matches the height of the 
bounding box for the tag in the line dimension, and TagWidth matches the width of the bounding box for 
the tag in the dot dimension. A single line of TFS entries for a tag is known as a tag line structure. 

The TFS consists of TagHeight mmiber of tag line structures, one for each 1600 dpi line in the tag's 
bounding box. Each tag line structure contains three contiguous tables, known as tables A, B, and C. Table 
A contains 384 2-bit entries, one entry for each of the maximum number of dots in a single line of a tag 
(see Table 121). The actual number of entries used should match the size of the bounding box for the tag in 
the dot dimension, but all 384 entries must be present*. Table B contains 32 9-bit data addresses that refer 
to (in order of appearance) the data dots present in the particular line. All 32 entries must be present, even 
if fewer are used. Table C contains two 5-bit pointers into table B, and is stored in the 10 low bits of the 
next 32-bit word (the upper 22 bits are unused). The total length of each tag line structure is therefore 34 x 
32-bit words. Padding (18 x 32-bit words) is inserted after every 7 tag line structures to keep each tag line 



1 . This is done so that it is possible to go firom one line within a tag to the next by simply adding 33 in 32-bit based addressing to DRAM. 



26.5 



Data structures used by tag encoder 



26.5.1 



Tag Format Structure 
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Tao format Structure 



tag One structure 0 



tag fine structure 1 



tag line structure 2 



tag line structure 6 



resent and unused 
(18x32-t)a3) 



tag line stnicture S 



tag fine structure n 



tag line stnicture 



\ 



\ 



\ 



\ 



table A 
(384 entries x 2-bits) 
(768t>fts) 



table B 
(32 entries x 9-bils) 
(288 bits) 



table C 
(2 entries x5-bits) 
(10 bits) 



reseivedand 
unused 
(22 bits} 



Figure 148. Compoajition of SoPEC'8 tag format structure 

given in section 26.8.3 on page 



A fiill description of the intezpietation and Usage of Tables A, B and C is 



2€.S.i.1 Scaling a tag j 

!^<£;\^f^l^ Tf' thin the tag can be scaled in one of several ways. Either the tag 

^.L^ ^ scaled by N dots m each dimension, which increases the number of entries in the TFS As an 

SS^tS;T^^^^ 

^ZT^^'aI^^ """^""m ^ 21 X 21 entries, and the scaling were a simple 2 x 2 dots for each of 
the ongmal dots we could mcrease the TFS to be 42 x 42. To generate the new TFS from t!« we 
would repeat each entry across each line of the TFS. and then we would repLTch^e ^^^^^^ 
net number of entries in the TFS would be increased fourfold (2 x 2), 

^Inl^f^^^^ of i„a^</or. instead of simple scaling. Looking at Figure 149 for a simple 

oSril.?^^^^^^ Z^' P'^^"^^ ^ physically large printed form of the tag, where each 

^r^eL3?th?o^^^ ""l ' ^ ' ''"^ ^'"^^>' ^'^"^^^ -plication by 7 in 

s^^Ton ^^^^ "'"''''^^ TFS by 7 in each dimension or putting a 

scale-up on the output of the tag generator output, then we would have 9 sets of 7 x 7 square blocks 
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'^T^Z:::'^?!^^ ^" *^ TFS by a 7 . 7 dot definition of a funded do.. Fig- 



positfoo detection pattam 
(1 line au dark) 

data area 

(2 lines of 3 bits) 



ahways 1 
(bacKorouruf) 


aiways 1 
(bacfcgfound) 


always 1 
(background) 


data 
bitO 


data 
bit 1 


data 
bit 2 


data 
btt4 


data 
bits 


data 
bit3 



Figure 149. Simple 3x3 tag structure 




Figure 150. 3x3 tag redesigned for 21 x 21 area (not simple replication) 

^dl? thTrr^ ^T''''? "^'^^^^ "^"^ '"^^ ^^^i'aWe to produce a mac^ 

.^ow. J! M r ^""""^^ P"'"'™ "^^"^^^^ can be. As an example. Figure m on page 360 

shows the Netpage tag stnicture rendered such that the data bits are represented by an average of 8 dots x 
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8 dots (at 1600 dpi), but the actuaJ shape stmcturc of a dot is not square. This allows the printed Netpage 
tag to be subsequently read at any orientation. 

26.5.2 Raw tag data 

The TE requires a band of unencoded variable tag data if variable data is to be included in the tag bit- 
plane, A band of unencoded variable tag data is a set of contiguous unencoded tag data records, in order of 
encounter top left of printed band from top left to lower right. 

An unencoded tag data record is 128 bits arranged as follows: bits 0-111 or 0-1 19 are the bits of raw tag 
data, bit 1 20 is a flag used by the TE (TagJsPrinted), and the remaining 7 bits are reserved (and should be 
0). Having a record size of 1 28 bits simplifies the tag data access since the data of two tags fits into a 256- 
bit DRAM word. It also means that the flags can be stored apart from the tag data, thus keeping the raw tag 
data completely unrestricted. If there is an odd number of tags in line then the last DRAM i^ad will con- 
tain a tag in the first 128 bits and padding in the final 128 bits. 

The TaglsPrinted flag allows the effective specification of a tag resolution mask over the page. For each 
tag position the TaglsPrinted flag determines whether any of the tag is printed or not This allows arbitrary 
placement of tags on the page. For example, tags may only be printed over particular active areas of a 
page. The TaglsPrinted flag allows only those tags to be printed. TaglsPrinted is a 1 bit flag with values as 
shown in Table 12Z 



Table 122. TaglsPrinted values 







0 


Oont print the tag in this tag position. 

Output 0 for each dot within the tag bounding t>ox. 


1 


Print the tag as specified by the vartous tag structures. 



26.5.3 DRAM storage requirements 

The total DRAM storage required by a single band of raw tag data depends on the number of tags present 
in that band. Each tag requires 128 bits. Consequently if there are AT tags in the band, the size in DRAM is 
16N hyXGS. 

The maximum size of a line of tags is 163 x 128 bits. When maximally packed, a row of tags contains 163 
tags (see Table 121) and extends over a minimum of 126 print lines. This equates to 282 KBytes over a 
Letter page. 

The total DRAM storage required by a single TFS is TagHeightH KBytes (including padding). Since the 
likely maximum value for TagHeight is 384 (given that SoPEC restricts TagWidth to 384), the maximum 
size in DRAM for a TFS is 55 KBytes. 

26.5.4 DRAM access requirements 

The TE has two separate read interfaces to DRAM for raw tag data, TD. and tag format structure, TFS. 
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^^memory usage requirements are shovra in Table 123. Raw tag data is stored in the compressed page 
Table 123. Memory usage requirements 









Compressed page store 


2048 Kbytes 


Compressed data page store for BHevel. contone and 
raw tag data. 


Tag Format Structure 


55 Kbyte (384 dot Gne tags 
9 1600 dpi) 


55 kB In PEC1 tor 384 dot Dne tags (the twnchmark) at 
1600 dpi 

2.5 mm lags (1/1 0th inch) ^ 1600 dpi require 160 dot 

Unes 160/384 xS5 or 23 kB 

2^ mm tags 9 600 dpi require 80/384 xSS » 12 kB 



, ^ ^wiu uuin i^ik/\m ax aume. liacn z:)0-Dit read returns 2 times 128-bit tags 

The TD interface to the DRJ will be a 256-bit double buffer If there is an odd number of tags in line then 
the last DRAM read will contain a tag in the first 128 bits and padding in the final 1 28 bits. 
The TFS interface wiU also read 256-bits from DRAM at a time. The TFS required for a line is 136 bytes 
A total of 5 times 256-bit DRAM reads is required to read the TFS for a line with 192 unused bits in the 
fifth 256-bit word. A 136-byte double-line buffer will be implemented to store the TFS data. 
The TE's DIU bandwidth requirements are summarized in Table 124. 



Table 124. DRAM bandwidth requirements 











in 






TD 


Read 


Single 256 bit 


reads*. 






TFS 




Read 


Single 256 bit reads^. TFS is 
136 bytes. This means there 
is unused data in the fifth 
256 bit read. A total of 5 
reads is requited. 


0.093 


0M3 



2: 17 X 64 bit reads per line in FECI is 5 x 256 bit reads per line in SoPEC with unused bits in the last 256.bit read. 



26.5.5 Tag sizes 

SoPEC aUows for tags to be between 0 to 384 dots. A typical 2 nun tag requires 1 26 dots. Short tags do not 
change the internal bandwidth or throughput behaviours at all. Tag height is specified so as to aUow the 
DRAM storage for raw tag data to be specified. Minimum tag width is a condition imposed by throughput 
Imutations, so if the width is too small TE cannot consistently produce 2 dots per cycle across several tags 
(also there are raw tag data bandwidth impUcations). Thinner tags srill work, they just take longer and/or 
need scaling. 
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26.6 Implementation 



26.6.1 Tag Encoder Architecture 

A block diagram of the TE can be seen below. 



DRAM interface 



tag encoder 
unit 



tagattsensa 
lastdotfntag 
advtagOne 
1fsva»d 



ctotposvBlid 



TFS 
Interfece 



tagMaxDoipalrs— A# 
' lastdoUntag 



/2 



.etdRdAdrO 9^ 



fltdRdAdrt 9^ 
7*- 



ii 



tag data 
Interface 



tagrsPrfnted 



biti 



7^ 



bHO 



lastdotlhtagi 
lotpoavBQd 



If 



\ biti 



bftO 



:0- 




Logjc 



atate 
machine 



g-f14 2(lobits) 



dotstoTho g 



• lastOotlnTagl 
tdValid 



3x2^ 
shift registar 



Z 1 - 



ta.tfti.wdata 



Tag Rfo Unit 



PCU 



Figure 151, TE Block Diagram 

The TE writes lines of bi-level tag plane data to the TFU for later reading by the HCU The TE is resnon- 
of """T^ the encoded tag data with the tag structu^ (interpreted from the TFS). yI^^^^^ 
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The tag encoder consists of a TFS interface that loads and decodes TFS entries, a tag data interface that 
lo«b tag raw data^encodes it. and provides bit values on request, and a state macl^e to gen^^f™^^ 
ate addressing and control signals. The TE has two separate read interfaces to DRAM for^ togX 
TD, and tag fonnat structure. TFS. ^ 

It is possible that the raw tag data interface, the TD. to the DIU could be replaced by a har«lware state 
machine at a later stage. This would allow flexibility in (he generation of tags. Support for VSLTnSd! 



26.6.2 Y-Scaling output lines 

!h ^ modifications to the FECI TE are suggested to 

the Tag.Data Interface. Tag Format Structare Interface and TE Top Level: Bgeswa lo 

' MJll^^^T'^t' ^1 configuration registers of Table mjintTagLineNeight and tag. 

MaxLme with true value ,.e. not multiplied up by the scale factor YScale. Within die Tag Data interface 
toere are two counters, cowax and cxmnty that have a direct bearing on the rawTagDatoAddr gcnera- 
^h ZZ^"^^ ^T'^ are read ftom DRAM. It is reset to NumTagsfRtdfagSense] atLrt of 
each Ime of tags, countyjs decremented as each line of tags is completely read from DRAM i.e. counu 
- 0 Scaling may be perfbnned by counting the number of times countx reaches zero and only decre. 

ZSTI^ J 5^ "^^"^ ™^ ^ TagData Interfiice to read each 

Ime of tag data NumTagspttdTctgSenseJ * YScale times. 

• for Tag Format Sfructure Interface: The implication of Y-scaling for the TFS is that each Tag Line 
Structoire IS used KSca/e times. This may be accomplished in either of two ways: 

* t^"/!!*iJ*/i^l'"^ ^"'^ ™s involves gating 

the conttol of TFS buffer flipping with YScale. Because of the way in which this advT/sUne and 
advTagLine related functionality is coded in the FECI TFS this solution is judged to be error-prone 

' r&S*^*™'*^ ^ '"^^"^ controlling the activity oicurrTf- 

^^^^7^^ ""^ "^P'y "^^^^ *o the DIU to read each mdividual Tag Line Struc- 
'^^^''^ "^"'^ 5 accesses. TWs is different from the behav- 

iour m PEC 1 . where one address is given and 1 7 data-words were returned by the DIU 
Smce the behaviour of the currTfsAddr must be changed to meet the requirements of the SoPEC 
DIU It makM sense to mclude the Y-Scaling into this change i.e. a count of the number of com- 
jj* V T^."" *® " compared to YScale. Only when this count equals YScale can 
currTfsAddrheloaOed with the base address of the next lines Tag Line Structure in DRAM, other- 
wise It IS re-loaded with the base address of the cuirent lines Tag Line Structure in DRAM. 

' r«^Iw ^^U^f- '^'^ ^? "^^ ^ " "^^'^^ « to count the number of 

completed output Imes when m a tag gap or in a line of tags. At the start (i.e. top-left hand dot-pair) of 
a gap or tag UnePos is loaded with either TagGapUne or TagMaxLine. The value of LincA« is dewe- 
r^efon y^'/fv^r '° ^'^"^"^ ""^ accomplished by gating the decrement of UnePos 
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26.6.3 7E Physical Hierarchy 

Tag Encoder 



Top Level FSM 
+ PCU + Comb 
(jogfc for Muxing 
etc. 



Tag Data Interfece 



Raw Tag Data 
rntermce 



Reed Sofomon 
Ehootfdr 



2D Decoder 



Encoded lag bata interface 



encoded 
fixed tag 
data 





encoded 






variable tag 






data 





Rego/p 



Reflo^p 



Table A 



Table C 



Table B 



Figure 152. TH Hierarchy 

S^nn «™«uial hien«chy of the TE. The top level contains the Tag Data Inter- 

iTr^^J^^' ^ ^'"^ to control the generation of dot pairs^ong vSh a 

the ou^ data and generating other control signals. muxing 

tl^t^^ "^^ "^^'^ ■^'^"'^ P"^'^«'» of a page one line at a time with the 
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I 26.6.4 to Definitions 



Table 125. TE Port Ust 











ciocKs and Resets 


pdk 


1 


In 


SoPEC Functional dock. 




1 


In 


Glot>a) reset signal. 


Bandstore Signals 


cdu_endofbandstore[21 :5] 


17 


In 


Address of the end of the current band of data. 
256-btt word aligned ORAM address. 


odu_8tartofbandstore[21 -SI 


17 


In 


Address of the start of the cunent band of data. 
256-bit «vofd aligned DRAM address. 


te^finishedband 


1 


Out 


TE finished band signal to PCU and ICU. 


PCU Interface data and control signals 


pcu.addrt8:2] 


7 


In 


PCU address bus. 7 bits are required to decode the address space 
for this block. 


pcu_dataout(31:0] 


32 


In 


Shared write data bus from the PCU. 


tejJcu_dataJnI3l.Dj 


32 ' 


Out 


Read data bus from the TE to the PCU. 


pcu^rwn 


1 


In 


Common read/not-wrlle signal fiom the PCU. 


pcu.te.sel 


1 


In 


Block select from the PCU. When pcujtejsel is high both 
pcu^ackSrand pcu^dataout are valid. 


te_pcu_rdy 


1 


Out 


Ready signal to the PCU. When te^3cu_rdy\9 high it indicates the 
last cyde of the access. For a write cyde this means pcu^dataout 
has been registered by the bkx:k and for a read cyde thb means 
the data on te^pcu^dataln Is valid. 


TO (raw Tag Data) DIU Read Interface signals 


td.dlu_rreq 


1 


Out 


TD requests ORAM read. A read request must be acoonr^anled by 
a valid read address. 


tdjdiu.fadr[21:S] 


17 


Out 


TD read address to DIU. 

17 bits wide (256-blt aligned word). 


dhj_td_rack 


1 


In 


Acknowledge from OIU that TD read request has tieen accepted 
and new read address can be placed on te dSfu mdr. 


dhi.data(63:0) 


64 


In 


Data from DIUtoTE. 
Rrst 64-bit8 are bits 63K) of 256 bit word; 
Second 64-bfts are bits 127:64 of 256 bit word; 
Third 64-bits are bits 191:128 of 256 bit word; 
Fourth 64-blts are bits 255:1 92 of 256 bit word. 


diu^td.rvalid 


1 


In 


Signal from DIU telling TD that valid read data is on the tiiu^data 
bus. 


TFS (Tag Format Structure) DIU Read Interface signals 


tfs_diu_n'eq 


1 


Out 


TFS requests DRAM read. A read request must be accompanied 
by a valid read address. 


tf8_dlu_radi(21:5] 


17 


Out 


TFS Read address to DIU 

17 bits wide (256-btt aligned word). 


diu.tfe.racfc 


1 


In 


Acknowledge from DIU that TFS read request has been accepted 
and new read address can be placed on tfs dit^^radr. 
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Table 125.TEPoft List 







m 


M 




dhj_data(63:0] 


64 


In 


Data from OIU to TE. 
Rrst 64-bit3 are bits Sa.-O of 256 bit word; 
Second 64-bfts are bits 1 27:64 of 256 bit word; 
Third 64-bits are bits 191:128 of 256 bit wofd; 
Fourth 64-bits are Uts 255:192 of 256 bit word. 


diu_tfs_rvafid 


1 


In 


Signal from OIU telling TFS that vaBd read data Is on the diiL_data 

\ bus. 


TFU Interface data and cont 


rol signals 


tfu_te_oktowrite 


1 


In 


Ready signal Indicating TFU has space available and Is ready to be 
written to. Also asserted from the point that the TFU has redeved 
its expected nunnber of bytes tor a line until the next 
te^tfu^wradvUno 


te.tfti^wdatapiOJ 


8 


Out 


Write data for TFU. 


tejtfu_wdatavalid 


1 


Out 


Write data valid signal. This signal remains high whenever there is 
valid output data on te^Hu^wdata 


te_tfu_wradvlino 


1 


Out 


Advance line signal strobed when the last byte In a line Is placed 
on t0^tfii_wdata 



26.6.5 Conflguratron Registers 



The configuration registers in the TE are programmed via the PCU interfece.Refer to section 21 8 2 on 
: l'''^ . dcscnption of the protocol and timing diagrams for reading and writing register in the 
TE Note that suice addresses in SoPEC are byte aligned and the PCU only supports 32.bit register reads 
and voltes the lower 2 bits of the PCU address bus are not required to decode the address space for the 
1 E.Table 126 Usts the configuration registers in the TE. 

Registers which address DRAM are 64.bit DRAM word aligned as diis is the case for the PECl TE 
SoPEC assumes a 256-bit DRAM word size. If the TE can be easily modified then the DRAM word 
addressmg should be modified to 256-bit word aligned addressing. Otherwise, software should program 
these the 64-bit word aligned addresses on a 256-bit DRAM word boundary 



Table 1 26. TE Configuration Registers 




Control registers 



0x00 



0x04 



Reset 



Go 



A write to this register causes a reset of the TE. 
This register can be read to indicate the reset state: 

0 - reset in progress 

1 - reset not in progress 



Writing 1 to this regfster starts the TE. Writing 0 to this 
register halts the TE. 

When Go is deasserted the state-machines go to their 
idle states but all counters and configuration registers 
keep their values. 

When Go is asserted all counters are reset, but oon- 
figuratfon registers keep their values (I.e. they don't 
get reset). NejctBandEnabie is cleared when Go is 
asserted. 

The TFU must be started before the TE Is started. 
This register can be read to determine if the TE is run- 
ning (1 = running. O = stopped). 
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Table 126. TE Configuration Registers 




0x40 


1 TfsStartAdf 

(64-brt aligned ORAM 
1 address • should start at 

a 256-bft aligned k>ca- 
1 tJon) 


19 


0 


Pbints to the first word of the first TPS line in ORAM. 


0x44 


TfsEndAdr 
1 (64-bttaU0nedDRAM 
1 address * should start at 

a256-t)HaUonedfoca- 
1 tion) 


19 


0 


j Points to the first word of the last TPS line in DRAM. 


0x48 


[ TfsRrstLhieAdr 

(64-bit aligned ORAM 
1 address) 


19 


0 


1 ruinis lo xno nrsi word of the first TFS line to l)e 

j encountered on the page, if the start of the page is In 

an inter-tag gap. then this value will be the same as 
1 TFSStartAdr since the first tag line reached wiu bA thA 
J top line of a tag. 


0x4C 


1 OataRedun 


1 


0 


1 Defines the data to redufKiancy ratio for the Reed 
1 Solomon encoder. Symbol size is always 4 bits. Code- 
1 word size is always 15 symbols (60 bits). 
1 0 - 5 data symbols (20 bits), 10 redundancy symbols 
1 (40 bits) 

1 -7 data symbols (28 bits), 8 redundancy symbols 


0x50 


1 Deoode2DEn 


1 


0 


Determines whether or not the data bits are to be 2D 
decoded rather than redundancy encoded (each 2 
bits of the data bits becomes 4 output data bits). 

0 = redundancy encode data 

1 = decode each 2 bits of data into 4 bits 


0x54 


VariabteDataPiesent 


1 


0 1 


Defines whether or not there is variable data In the 
tags. If there is none, no attempt is made to read tag 
data, and tag encoding should only reference fixed 
tag data. 


0x56 I 


EnoodeFixed 


1 


0 


Determines whether or not the lower 40 (or 56) bits of 
fixed data should be encoded Into 120 bits or simply 
used as Is, 


Ox5C j 


TagMaxOotpairs 


8 


0 


The width of a tag in dot-pairs, minus 1 . 
Minimum 0, Maximum=il91. 


0x60 T 


TagMaxLlne 


9 


0 


The number of lines In a tag, minus 1 . 
Minimum 0, Maximum = 363. 


0x64 1 


TagGapOot 


14 


0 


The number of dot pairs between tags in the dot 

dimension minus 1 , 

Only valid If TagGapPresen^bh 0) = 1 . 


0x68 

Ox6C 1 


TagQapLine 
OotPalrsPerUne 


14 
14 


0 1 
0 1 


Defines the number of dot! Ines between tags in the 

line dimension minus 1 . 

Only valid if TagGapPrBsenl[bit\] « i . 


0x70 1 


DotStartTagSense 


2 


0 I 


Number of output dot pairs to generate per tag line. 
Determines tor the first/even (bit 0) and second/odd 
(bit 1 ) rows of tags whether or not the first dot position 
of the line is In a tag. 
1 s In a tag, 0 e in an inter-tag gap. 
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Table 126. TE Conflguratlon Registers 



tm 
















u 


Bit 0 w 1 If there is an Inter-tag gap in the dotdimen- 
ston, and 0 If tags are tightly fuicked. 
Bit 1 is 1 if there ts an inter-tag gap In the line dimen- 
sion, and 0 if tags are tightly packed. 


0x78 


YScate 


8 


1 


Tag scale factor In Y direction. OLftDut llnfi<% fn iHa tpi i 
wil! be generated YScale times. 


0x80 to 
0x84 


OotStartPos 


2x14 


0 


Determines for the firsVeven (0) and second/odd (1) 
rows of tags.the number of dotpalrs remaining minus 

1 1 In either the taa or \ntsT*tan nan At <>«i>*4 a< 

^,.mm„^^ w«v \At i«ii(7i*uftg yap ai uie Siaft Of tne 

line. 


0x88 to 
0x8C 

Setup band 


NumTags 
related registers 


.2x8 


0 


Determines for the first^even and seoond/odd rows of" 
tags how many tags are present In a Dne (equals 
number of tags minus 1 ). 


OxCO 


NextBandStartTagOa- 
taAdr 

(64-bH aligned ORAM 
address - should start at 
a 256-bit aligned loca- 
tion) 






Hofds the value of SlarfTagOataAdr fbr the next band. 
This value Is copied to StartTagOataAdr when 
DoneBand Is 1 and NextBand Enable la 1 , or when Go 
transitions from 0 to 1. 


0xC4 


NextBandEndOfTagOata 
(64-blt arigned ORAM 
address) 






Holds the value of EndOfTagOata for the next band. 
This value is copied to EndOfTagOata when 
DoneBand Is 1 and NextBandEnable is 1, or when Go 
transitions from 0 to 1 . 


0xC8 


NextBandRrstTagUne- 
Height 


9 


0 


Holds the value of RrstTagUneHelght for the next 
band. This value is copied to FirstTagUneHeight when 
DoneBand gets is 1 and NextBandEnable Is t. or 
when GotransHfons from 0 to 1, 


OxCC 

Read-only baj 


NextBandEnaUe 
nd related registers 






When NextBandEnable is 1 and DoneBand is l. then 
when te.finlshedband is set at the end of a band: 
-NextBandStartTagOataAdr is copied to StartTagOa- 
taAdr 

-NextBandEndOfTagOata Is copied to EndOfTagOata 

-NextBandFlrstTagUneHeight Is copied to RrsfTa* 

gUneHefght 

-DoneBand is cleared 

-NextBandEnable is cleared. 

NextBarufenabie is cleared when Go is asserted. 
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Table 126. TE Configuration Registers 

















1 


0 


Specifies whether the tag data interlace has finished 
loading all the tag data for the band. 
It is cleared to 0 when Go transitions from 0 to 1. 
When the tag data interface has finished foadlng all 
the tag data for the band, the te finishecfband slonal 
Is given out and the OoneSand flag Is set. 
If NextBandEnable Isl at this time then StartTagDa- 
taAdr, endOfTagData and flrstTagtineHeight are 
updated with the values for the next band and 
DofjeBand Is cfeared. Processing of the next band 
starts Immediately. 

If NextBartdEriab/e is 0 then the remainder of the TE 
wfll continue to oin.. while the read control unit waits 
for NaxtBandEi^able to be set before it restarts. Read 
only. 


1 f\*ef\A 


StartTagDataAdr 
(64-bit aligned ORAM 
address - shoufd start at 
a 256-bit aligned loca* 
iron) 


19 


0 


The start address of the current row of raw tag data. 
This is Initially points to the first word of the band's tag 
data, which should be aligned to a 1 28-blt boundary 
(i.e. the lower bit of this address sfiould be 0). Read 
only. 


1 0xD8 


EndOfTagData 
(64-btt atigned ORAM 
address) 


19 


0 


Points to the address of the final tag tor the band. 
When all the tag data up to and including address 
andOfTagOatahas been read in, the tejinlshedband 
signal Is given and the doneBand flag is set Read 
only. 


OxOC 

1 %JUCmv1v — - t ■ » 


FirstTagUneHelght 


9 


0 


The number of lines rrtnus 1 1n the first tag encoun- 
tered In this band. This will be equal to TagMaxUne If 
the band starts at a tag boundary. Read only. 


1 wonc regi8ti 


its (set before starting the 


TE and must not be touched between bande) 


1 0x100 


UnelnTag 1 


1 


0 


Determines whether or not the first line of the page is 
In a line of tags or in an inter-tag gap. 
1 ♦ In a tag, 0 • In an inter-tag gap. 


1 0x104 
1 0x110 to 


LinepQS 


14 


0 


The number of lines remaining minus 1, In either the 
tag or the inter-tag gap In at the start of the page. 


1 OxIIC 


TagData 


4x32 


0 


This 128 bit register must be set up initially with the 
fixed data record for the page. This is either the lower 
40 (or 56) bits (and the encodertxad register should 
be set), or the lower 120 bits (and enoodedRxed 
should be dear). The tagData|0} register contains the 
lower 32 bits and the tagData(3J register contains the 
upper 32 bits. 

This register is used throughout the tag encoding 
process to hold the next tag's variabfe data. 


1 Workregistei 
l^ead-cnty fra 

rOx140 


(set internally) ' •■ 

m the point of Wew of PCU register access 




OotPbs 


14 


0 


Oefines the number of dotpairs remaining In either the 
tag or Inter-tag gap. Does not need to be setup. 


L 0x144 


CurrTagPtaneAdr 


14 


0 


The dot-parr number being genemted. 


0x148 


DotsfnTag 


1 


0 


Determines whether tfie cunrent dot pair Is In a tag or 
not 

1 - in a tag, 0 - In an Inter-lag gap. 
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Table 126. TE Configuration Registers 




0x154 



0x158 



CurrTFSAdr(64-btt 
aligned DRAM address) 



ReadsRemainIng 



Determines whether the production of output dots is 
tor the first (and subsequent even) or seooruJ (and 
subsequent odd) row of tags. 



Points to the start next line of the TFS to be read in. 



Number of reads remaining in the current burst from 
the raw tag data interface 



0x160 



0x164 



0x168 



CountY 



The number of tags remaining to be read (minus 1 ) by 
the raw tag data intertace for the current line. 



RtdTagSense 



The number of times (minus 1) the tag data for the 
current Rne of tags needs to be read In by the raw tao 
data interface. 



RawTagDataAdr 
(64^t aligned DRAM 
address) 



Determines whether the raw tag data interfece is cur- 
rently reading even rows of tags (s^O) or odd rows of 
tags (=1) with respect to the start of the page. Note 
that this can be different from tagAltSense since the 
raw tag data inteitace is reading ahead of the produc- 
tion of dots. 



19 



The current read address within the unenooded raw 
tag data. 



control 
pcu_dataout(31:0]. 



wrfte^ 




^codej 











read 
^eoode 



sub-block 



top level 



te_pcu_dataln[3t:0] 



te_pcu_rdy 



Figure 153. Block diagram of PCU accesses 



Doc: ScPEC.hardware design 
Version: 2.3 



S3 Proprietary Document 



2mov 2002 
Page 378 




SoPEC : Hardware Design 



26. 6.5. 1 Starting the TE and restarting the TE between bands 

The TE must be started after the TFU. 

For the .first band of data, users set up NextBandStartTagDataAdr, NextBandEndTagData and NextBand- 
FirstTagLineHeight as well as other TE configuration registers. Users then set the TE's Go bit to start pro- 
cessing of the band. When the tag data for the band has finished being decoded^ the tejinishedband 
interrupt will be sent to the PCU and ICU indicating that the memory associated with the first band is now 
fi-ee. Processing can now start on the next band of tag data. 

In order to process the next band NextBandStartTagDataAdr, NextBandEndTagData and NextBandFirst- 
TagLineHeight need to be updated before writing a 1 to NextBandEnable. There are 4 mechanisms for 
restarting the TE between bands: 

a- tejinishedband causes an interrupt to the CPU. The TE will have set its DoneBand bit. The 
CPU reprograms the NextBandStartTagDataAdr, NextBandEndTagData and NextBandFirstTa- 
gUneHeight register^ and sets NextBandEnable to restart the TE. 

b.The CPU programs the TE's NextBandStartTagDataAdr, NextBandEndTagData and NextBand- 
FirstTagLineHeight registers and sets the NextBandEnable flag before the end of the current 
band. At the end of the current band the TE sets DoneBand, As NextBandEnable is already 1 , 
the TE starts processing the next band immediately. 

cThe PCU is programmed so that tejinishedband triggers the PCU to execute commands from 
DRAM to reprogram the NextBandStartTagDataAdr, NextBandEndTagData and Next- 
BandFirstTagUneHeight registers and set the NextBandEnable bit to start the TE processing 
the next band. The advantage of this scheme is that the CPU could process band headers m 
advance and store the band commands in DRAM ready for execution. 

d.This is a combination of ^» and c above. The PCU (rather than the CPU in b) programs the TE's 
NextBandStartTagDataAdr. NextBandEndTagData and NextBandFirstTagLineHeight tc^sUts 
and sets the NextBandEnable bit before the end of the current band. At the end of the current 
band the TE sets DoneBand and pulses tejinishedband. As NextBandEnable is already 1 . the 
TE starts processing the next band immediately Simultaneously, te Jinishedband triggers the 
PCU to fetch commands from DRAM. The TE will have restarted by the time the PCU has 
fetched commands fi^om DRAM. The PCU commands program the TE next band shadow reg- 
isters and sets the NextBandEnable bit. 

After the first tag on the page, all bands have their first tag start at the top i.e. NextBandFirstTagLineHeight 
= TagMaxLine. Therefore the same value of NextBandFirstTagLineHeight will normally be used for all 
bands. Certainly, NextBandFirstTagLineHeight should not need to change after the second time it is pro- 
grammed. 
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I 26.6.6 TE Top Uvel FSM 

The following diagram illustrates the states in the FSM, 

Reset ORfifl=.n 



TagDotLine 



while DTtxhiciny valid tag T|nffs 



Figure 154. Tag Encoder Top-Level FSM 

At the highest level, the TE state machine steps through the output lines of a page one line at a time, with 
the starting position either in an inter-tag gap (signal dotsintag - 0) or in a tag (signals tfsvalid and uhalid 
^lineintag = 1) (a SoPEC may be only printing part of a tag due to multiple SoPECs printing a single 

If the current position is within an inter-tag gap, an output of 0 is generated If the current position is 
withm a tag. the tag format structure is used to determine the value of the output dot, using the appropriate 
encoded data bit from the 6xed or variable data buffers as necessary. The TE then advances along the Une 
of dots, moving through tags and inter-tag gaps according to the tag placement parameter. 
Table 1 27 highlights the signals used within the FSM. 



Table 127. Signals used within TE top level FSM 







PCIK 


Sync dock used to register all data wllhin the FSM 


prst^n. te.res6t 


Reset signals 


advtagline 


1 cycles pulse indicating to TDI and TFS sub-blodcs to move onto the next line of 
Tag data 


cunrdotJineadffl 3:0] 


Address counter starling 2 pdk ahead of currtagplaneadr to generate the oon-ect 
dotpair for the current line 


dotpos 


Counter to identify how many dotpairs wide the tag/gap is 


dotsintag 


Signal identifying whether the dotpair are in a tag(1)/gap(0> 


Qneintag^temp 


Identical to lineintag but generated l pdk eariier 


Unepos.ehadow 


Shadow register tor linepos due to linepos being written to by 2 different proc- 
esses 


talaltsense 


Flag which alternates between tag/gap lines 


te_8tate 


FSM state variable 


teplanebuf 


6-bit shift register used to format dotpairs into a byte for the TFU 


wradvUne 


Advance fine stgnaf strobed when the last byte in a line is placed onto tfu wdata 
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Due to the 2 system clockdeiay in the TFS (both Table A and Table B outputs are registered) the TE FSM 
IS wor^g 2 system ciocl. cycles AHEAD of the logic genemting the wn^e data for'ie mj Is a rS^t 
the followmg control signals had to be single/double it^gistered on the system clock. 



dotsintag 
tdvalid • 
tfsvalid - 
tfu_oIewrite - 
lineintag^temp - 



pclk 



dotsintag] 


tdvalidl 


w 


tfsvalid 1 


— ► 


tfu_ok_writel 


— > 
— ► 



-►dotsintag2 
■♦tdvalid2 



■>tfsvalid2 



-►tfii_ok_write2 



Figure 155. Generated Control Signals 
The tag_dotJine state can be broken down into 3 different stages. 

Sfn'j 'f^?'^ !f ^ ''«°^ becoming active. This state controls the 

wnnng of dotbytes to the TFU. As long as the tag line buffer address is not equal to the dotpairsper^e 
"^K '^^tfuMbo.^te is active, and there is valid TFS and TD aSlable or taSsTS 

phcd to the TFU since the TFU IS a HFO rather than the line store used in PECl. 

VJWle generating the doUine of a tag/gap line (lineintag flag = 1) the dot position counter do^^s is decre- 
mented/reloaded (with tagmaxdotpairs or taggapdot) as the TE moves between tags/gaps. "Se do^Z 

' This pattern continuesuLAeendofVS^^^ 

iTZ'" t°f7''^Z^^'''^ ''^'^^ '^'^^ '^^^"^ tagalisense signals must be prepared 

for the next dothne be It ma tag/gap dotline or a purely gap dotline. ocpiepaiea 

IT " ^"^^ '^'^^ "^""^^^ -fe^-'i flag if going onto 

^ ? J ? "^"^"^ *° '^"^'^ ^^Jt'^W'^S between dot lines^d tag 

rows when rf«//«„ and Imepos counters reach zero i.e when do^os - 0 the end of a tag/gao has been 
reached, when /«e/,o. = 0 the end of a tag row is reached. This sSge uses the sign^s l^nf^J^d 
to^fl/tre/we which were generated one jywemc/oc* cycle earlier in Stage 1. and 

implements the writing of dotpairs to the correct part of the 6-bit shift register based on 
Ae LSBs of currmsplaneadr and also implements the counter for the currtagplaneadr. lie currtagpZ 
fo^L\"ZT T^"^"^ currtagplaneadr » idotpairsperline - 1). All the qiSifier signals e.g XSag 
^ S'net'^d t'lht n^*^ '^'^'^ -"^"^'--^^r (which is the intf roal wri« 

address not needed by the TFU) cannot be mcremented until the dotpairs are available which is always 2 
jyrfem c/oefe cycles later than when currdotlineadr is incremented. vaiiaoic wnicn is always 2 
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The wradvline and advtagline pulses are generated using the same logic (currently separated in the PECl 
Tag Encoder VHDL for clarity). Both of these pulses used to update further registers hence the reason they 
do not use the delayed by 2 system clack cycle qualifiers. 

26.6.7 Combinational Logic 

The TDI is responsible for providing the information data for a tag while the TFSI is responsible for decid- 
ing whether a particular dot on the tag should be printed as background pattern or tag information. Eveiy 
dot within a tag's boundary is either an information dot or part of the background pattern. 



.dots[0] 




dot8[1] 



dotsintag 

Rgure 156. Logic to combine dot Information and Encoded Data 

The resulting lines of dots are stored in the TFU. 

The TFSI reads one Tag Line Structure (TLS) from the DIU for every dot line of tags. Depending on the 
current printing position within the tag (indicated by the signal tagdotnum), the TPS interface outputs dot 
information for two dots and if necessary the corresponding read addresses for encoded tag Hata The read 
address are supplied to the TDI which outputs the corresponding data values. 

These data values Qdi^etdO and tdi_etdJ) are then combined with the dot information {tfsijta^dotO and 
tfsijtajtotl) to produce the dot values that will actually be printed on the page {dots), see Figure 1 56. 



lastdotintagi 



dotsintag 
tfsvafid 
t dvalM 
dQtBfi& 




dotpairsperiine 



Figure 157. Generation of Lastdotintag/1 

The signal lastdotintag is generated by checking that the dots are in a tag {dotsintag = I) and that the dot- 
position counter dotpos is equal to zero. It is also used by the TPS to load the index address register with 
zeros at the end of a tag as this is always the starting index when going from one tag to the next lastdotin- 



Doc: SoPEC_hardwaro_clesfgn 
Version: 2.3 



S3 Proprietary Oocunient 



29 Nov 2002 
Page 382 



SoPEC : Hardware Design 



^eTi^a rrl^?" *!,'"''^L^''"' ? <^-rfsJine pulse is used to update the Table C 
(etd_sw.tch state) to puke Ute e«L«^^ signal hence s^^ching buffers if t^e CTD^r thetxl^ ^ 

/S.??'*'"''''''*^ ^ •^'"'^'^ to. except it is combinatorially generated (1 cycle earlier 

i^lastdonnuxg, except at the end of a tagline). lastdotimagl signal is only ifd in the TDi To 
/rfva/.rf Signal on the cycle when dotpos = 0. Note the UtiiloAxK^^Im^) = U^^ (S/IS^ 

/<»/</o/iii/<^_ge/i process as this U an combinatorial process. as in tne 



dotsintagi 




dotposvalid 



Figure 158. Generation of Dot Position Valid 
The dotposvalid signal is created based on being in a tajr Une (Uneinta^l - \\ Hnrc k-:„-. 

'^l^^'^^ 'Tfr^l ft?-^" X- ^iiS »^S/d«f 

available (rrfwi/wy = i). Note that each of the qualifier signals are delayed by 1 odk cvcle due to A*. «.«^ 



dotsintag 
tfsvarid2 
tdvaiJd^ 
currtagplaneadr 




^ te_tfii_we 



^ te_tlbLwradr 



Figure 159. Generation of write enable to the TFU 
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The signal tejfu^wdatavalid can only be active if in a taggap or if valid tag data is available {tdvalidl and 
tfsvalid2) and the currtagppianeadr{\ :0) equal 1 1 i.e. a byte of data has been generated by combining four 
dotpairs. 



tagmaxdotpairs 
W 




tagdotnum 


a 




► 



y dotpos 

Figure 160. Generation of Tag Dot Number 

The signal tagdotnum tells the TFS how many dotpairs remain in a tag/gap. It is calculated by subtracting 
the value in the dotpos counter from die value progranuned in the tagmaxdo^airs register. 
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26.7 Tag Data Interface (TDi) 

26.7.1 I/O Specificatfon 

Table 128. TOI Port List 



crocks and Resets 



pcik 


1 


1 SoPEC system dock 


prsi_n 

DIU Read tnterfece Signals 


1 1" 


J Active-low, synchronous reset in pdk <fomaln. 


diu_data(63:0] 


(n 


Data from ORAM. 


td_diu_rreq 


Out 


Data request to DRAM. 


td_dlu_radf(21:S] 


Out 


Read address to DRAM. 


<ilu_td_fBCk 


in 


Data acknowledge from DRAM. 


dlu_td.rva»d 


In 


Data valid signal from DRAM. 


PCU Interface Data, Control Signs 


Is and 




pcu_dataout(31:0} 
pcu_addr(8:2J 


In 
In 


PCU writes tfils data. 


pcu_fwn 


In 


PCU accesses this address. 

GkJlwl read/Write-not signal from PCU. 


pcu_te_seJ 


In 


PCU selects TE for rAv access. 


pcu_te_reset 


In 


PCU reset 


U^.te^doneband 

td.te_dataredun 

M.te_decode2den 

tdjte.varfabtedatapresent 

td.te.encodefixed 

td_te_nunrttagsO 

td_te.nunitags1 

td.te_starttagdataadr 

td^te^rawcagdalaadr 

td.te.endoflagdata 

td_te_firBttagllneheight 

td.ie^tagdataO 

tt'-te.tagdatal 

td_te_tagdata2 

td_te_tagdata3 

td_te_countx 

td_te_oounty 

td— •©^rtdtagsense 

t<Ute_readsremainir)g 


Out 


PCU readable registers. 


TFS (Tag Format Structure) 




tfsi_adrt)|8:0] 


In 


Read address for dotO 


tfsLadr1[8:0] 


In 


Read address for doti 


tsanastore Signals ' — - — . 


cau_startofbandstore{24:0] 


In 


Start memory area allocated for page bands 


cdu_endon>andstore[24:0) 


In 


Ust address of the memory alk>cated tor page bands 


te_fini8he<fi)and 


Out 


Tag encoder band finished 
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ORAM interi^ca 



td_Cnishe^band 
< 



crtdRdAdfO < 



eWRdAdrli 




-> tdVand 
' lastOotlnT^g 
lastDottn'fogl 



taglsPrinted 



Figure 161. TOI Architecture 



26.7.2 Introduction 



The teg data interface is responsible for obtaining the raw tag data and encoding it as required by the tag 
encoder The smallest typical tag placement is 2nmi x 2mm. which means a tag is at least 126 1600 dpi 
dots wide. 

In PECl, in order to keep up with the HCU which processes 2 dots per cycle, the tag data interface has 
been designed to be capable of encoding a tag in 63 cycles. This is acnially accomplished in approximately 
52 cycles within PECl. For SoPEC the TE need only produce one dot per cycle; it should be able to pro- 
duce tags m no more than twice the time taken by the PECl TE. Moreover, any change in implementation 
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from two dots to one dot per cycle should not lose the 63/52 cycle perfonnance edge attained in the PEC 1 

fr^m D^^m'^T '^i.*! ^J^}^^^ contains a law tag data interface FSM that fetches tag data 
^°f,y"^'-^-»-«"n« GF(2^) Reed-Solomon encoden. an encoded data interface and a state 

hTdr^UTdSCS^tpit'^^^ 

S^'oS'bSS*"* ""^ "^'"^ '"^ "^"^ TS-enc^e/xe-/. TE_dataredun and TE_decode2den 

' iti^.^l^f^^'r^^^-'' "^""Z^- ^ P™**""' • 5 symbols, so the output is 

3 times the size ofthe input. This can be perfoimed on fixed and variable tag date. 
• (15.7) RS coding, where every 7 mput symbols are used to produce 15 output symboU so for the same 

2^6 on oSrSri:''* " °? - l-^e as the (15.5) code (for dei^ 

26.7.6 on page 400). This can be performed on fixed and variable tag data '«=vuon 

ISL wh?„"?l?s?*^ *'°'^ ^ " ^''•^ " " (o^ «o coding is required) 

k^Lti SbL'f'°^'f T'"^ " ^^^V^ ^''^^ " "^'^^ Once the fixed t^ata 

IS coded It IS 120-bits long. It IS then stored in the Encoded Tag Data Intcrfece. 

Sx" ^ ^ (15.5) coding is required, the 120- 

i^HV^ " '"^^^ 360-bits. When (15.7) coding is required the 1 12-bits sto«d in 

v^inr2Tt?r'r'° 240.bits. when 2D decoding is^^^d theMJSSr^'in DR^Si rin 
verted mto 240-bits. In each case the encoded bits are stored in the Encoded Tag Data Interface. 
The encoded fixed and variable tag data are eventually used to print the tag. 

^l^^tL'S^*' " '"^J"^ ^" the start of a page. It is encoded as necessary and 

* ^"^ °^ w^"" '^'^''^''^^ ^ the Encoded Tag Data Interface. This data 
unchanged m the registers/RAMs until the next page is ready to be processed. remains 

The 120-bits of unencodcd variable tag data for each tag is stored in four 32-bit words The TE re-reads 

f'So mT' dram, every time it produces that t^ vlfiabl^ 

aata t IFO which reads from DRAM has enough space to store 4 tags. 
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I 26.7.3 Data Flow 

An overview of the dataflow through the TDI can be seen in Figure 162 below. 



RAW TAO DATA tNTERMCE 
8*04 



ENCODED TAO DATA MTERFACE 

•Eneodedftttddotacanbeupto 120btok>r^ 
•Um 2 tuften to atiow tor 2 sknudaneously 
READS in ona cycie. 

-TTiftM «tortBS hold tho (boed tag data tor 1 fig. 
-Total memory - 120x2 - 240 bits 



TAQ DATA REQI9TER 




REED SOLOMOItf 
DECODE 20 



-Tho requested tag ts READ 
fatto this l2S-bit buffer. 
'THt buffar can bo upd&lod 
up to 103times/Sfto. 
"Each lao wai be loadod 
ai least 1260 



-Have to be afile to nead one tag^ daia 
from the RawrTbg Data Interface, RS 

«ico0e and wweH in the Encoded Tao 

^^Siii?{S£a-20«0 Oatalnmrtaoeinasc^orlese. 
-max tioa«ne - 2046^26 > 163 
•fltax variaMe data/lao - 120 
•«nax amount of tag data/line « 120x184 
-Spflt ma 120 tag data bits mio 2](64-bfts (8 spare bits) 
-Max inomonr needed tor 1 fine of tag data - 2x54x164 -eSGidZ 
<OMde this In half 10 clow tor 8(n«itaneoiJS REAO^^ 
•Once OR this data Is loaded It tNfn be va0d tor at least 120 Inea. 
-mmtfMapec^^ 

•12a0nescQm8lns204d0xT2O.2S6O48O(tots. """^^^^ 
-Thefetoie me data wrfl be updated at most ewy 1290240 cvc*©s. 
-TbCtfmcmofy- 16412x64 • 20992-biia 
•!?^ ^ addressing. Bft-9 Intfcatas »rtifch buffer. 

prtittinfl has started each hati bufler has l« 
Le. tor a 12^ inch Une (I has 10240 dots or 5120 cycfes 
tor an e inch fine k has 6400 docs or 3200 cydea 




-Encoded varUble data can be up to 360 tttt tong 
-Use 2 buffen to anow tor 2 timultanaously 
READS in one cycle. 

-(Ae 2 buffers to aUovv tor sffnuiiwteousfy 
REAOmRITE 

•Ibtal memory « 380)fii£ « 1280 bits 
-Mn tag Midth- 126 dots 

•o me fastesiihat iiag can be read « 1260 • 63 cyctea 



Figure 162. Data Flow Through the TDI 

The TD interface consists of the following main sections: 

• the Raw Tag Data Interface - fetches tag data from DRAM; 

• the tag data register; 

• 2 Reed Solomon encoders - each encodes one 4-bit symbol at a time; 

• the Encoded Tag Data Interface - supplies encoded tag data for output; 

• Two 2D decoders. 

J^t^A^'^''"^'^^ specification for FECI is that the TE must be able to output data at a continuous 
rate or 2 dots per cycle. 
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26.7.4 Raw tag data interfece 



The raw tag data interface (RTDI) provides a simple means of accessing raw tag data in DRAM The RTDI 

^!ZTn^t^J^^^'^t^'''^^r^^^^ being used to set/reset as the Lble signal 

{rtdAvail). The FIFO is clocked out with receipt of an rtdRd signal from the TS FSM. 

Figure 163 shows a block diagram of the raw tag data inteifacc 

c 



DRAM Interfeoe 



raw tag data 
Interface 



? y 



law tag data 
RFO 



— ► 


dJu.data|63:0] 






wrptr 






rtd_fifo_wr_en 






rdptr 




1 


pciK 


rtdbuf[64:0] 



I 



17 



rtd state 
machine 



ta.flnishedband 



fMb_wr_cn 



rtdbufI63:Q) 



(r rtdbuf data fogistered in Tag Data Reg) 



pclk 



fifo_wr_en 
diti.td^i 



td^rvaOd T J 




Figure 163. Raw tag data interface block diagram 



26.7.4,1 RTDI FSM 



^t^^l T I «^^°°^^We for keeping the raw tag FIFO full. The state machine reads the Une 

?2?^r" ^f^V™,^^^ ^ means a given line of tag data will be read at least 

J^e^Z. iTh ^^^^f >261mes for 2 nun tags. Note that the first line 

Z^caZ ^.^f^^V"'''*^' T ""'"^^ P'^" ""^^^ ^ ^ <x»<* rows of tags 

may contain different numbers of tags. 
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Section 26.6.5 1 outlines how to start the TE and restart it between bands. Users must set the NextBand- 
Suu-tTagD^dr, Ne^andEndOfTagData. Nex,Bandr,rsiJl,gUneHeigln and numTagsm n^Zi 
registers before starting the TE by asserting Go. '"S^/"/. numiags[ 

L^wJ?^^ Tf^' '^'^ subsequent bands of a page, the NextBandStartTagDataAdr. 

NextBandEndOJTagData and NextBandFirstTagUneHeigh registers need to be updated (typi^h; 

7r "rr'^^'^LJ ^" b« if the previous band contains an even nlw of Si) 

it?63't^gs'rT:ri2f:^^^^^^ 

The RTDI State Flow diagram is shown in Figure 164. An explanation of the states follows: 
idle state:- Stay in the idle state if there is no variable data present. If there is variable data present and 
ftere are at least 4 spaces left in the FIFO then request a burst of 2 tags from the DRAM (1 • 256bitt) 
Counter counac is assigned the number of tags in a even/odd line which depends on the value of register 
rfrf a^e«e Down-counter county is assigned the number of dot lines high a tag will be (min 1 2^Ini- 
ua^ y u must be set theyi«/r«g/meA«gAr value as the TE may be between pages (i e. a partial tag). For nor- 
mal tag generation coi//ify will take the value of «qgmax///i« register. »g^-rornor 

^-n^'-' state generate a request to the DRAM if there are at least 4 spaces in the 

Se JSo\"!l' >^r_ni_counter which is incremented/decremented on^tes/reads 

of the FIFO. As long as wr_rd_counter is less than 4 (FIFO is 8 high) there must be 4 locations ftee A 

are s««m bursts of I. TTie counter fa£r«_coui.r controls this signal, (will involve modification to existing 
pl?cSngt^f^T2'rbi^^^ 

■5ff:;5*i " ^ addressing to the DRAM. Counters councx and county are used to moni- 

es for^h" ^ " P««=es"nga line of dots within a row of tags. When counu is Zro it^ STg 
tS- [ f ^ complete. When county is zero it means the TE is on the last line of dots (prior to Y 
s^ingM-or this row of ^s. When a row of tags is complete the sense of rtdtag^nse is i^S (^ 
ST 2^ 'T-'^'^'^ .s comp^ to the te_endoJiagdata address. It ramafdataadr endo/tagZa 
2e t t i " ^"^'^^"'^ Signal is pulsed, and the FSM enters the rtd stall sLfun6l 

SLfr r " ''^ "^""^ ^'^^ rawragdara. endoftage'data and >:r«a 

Chf nrf f f I""' """T ""^ ^ "^E- ™s state is used to ^mt the 64.btt^Ss 

^ dS! ^ \ ^«_rrf_rv«/W is high rtd_data_count is incremented by 1. TTie compa^f 

^M h^-^^.^" l""^ " y t° fi"** ««« when either all 4*64-bit data has been received or 

^tstSTreS^'t Je^I^T ' ''^^'^ " - ^ -iddle of a set of 4.64.bit 

tius occurs). Once reset the FSM returns to the idle state. This states also performs the same count on the 
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diu_data read as above in the case where diu_td_rvalid has not gone high by the time the addressing is 
complete and the end of band data has been reached i.e. rawtagdataadr = endqftagdata 



variabfedataoresent = 0 



a: 



i 



IDLE 



3 



OQ 1 AND Wf rri cotiritPr ^ tfi 



end of 

burst 



01UJ\CCESS 



J) 



dhi td rack = 1 



^FIFOJ 



LOAD 



doneband 



doneband = 1 



STALL 



Figure 164. RTOI State Flow Diagram 



DRAM addresses 



address 
incraasing 



k»ndNVl 



cdM_startofbandstore 

T^.endoftagdata (for barid N) 

TE.endoftagdata (for band N^l ) 
cdu.endofbandstpre 



Figure 165. Relationship between TE^endoftagdata. cdu.startofbandstore and 

cdu.endofbandstore 
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26.7.5 TDI state machine 

The tag data state machine has two processing phases. The first processing phase is to encode the fixed tag 
data stored in the 128-bit (2 x 64-bit) tag data register. The second is to encode tag data as it is required by 
the tag encoder. 

When the Tag Encoder is started up, the fixed tag data is already preloaded in the 128 bit tag data record If 
encodeFixed is set. then the 2 codewords stored in the lower bits of the tag data record need to be encoded: 
40 bits xfdataRedun = 0, and 56 bits if datoRedun = 1. If encodeFixed is clear, then the lower 120 bits of 
the tag data record must be passed to the encoded tag data interface without being encoded. 

When encodeFixed is set, the symbols derived from codeword 0 are written to codeword 6 and the sym- 
bols derived from codeword I are written to codeword 7. The data symbols are stored first and then the 
remaining redundancy symbols are stored afterwards, for a total of 15 symbols. Thus, when datoRedun = 
0, the 5 symbols derived from bits 0-19 are written to symbols 0-4, and the redundancy symbols are writ- 
ten to symbols 5-14. When datoRedun - 1, the 7 symbols derived from bits 0-27 are written to symbols 0- 
6, and the redundancy symbols are written to symbols 7-14. 

When encodeFixed is clear, the 120 bits of fixed data is copied directly to codewords 6 and 7. 
The TDI State Flow diagram is shown in Figure 166. An explanation of the states follows. 




Figure 166. TDi State Flow Diagram 

idU> In the idle state wait for the tag encoder go signal - top^o = 1. The first task is to either store or 
enco<ie the Fixed data. Once the Fixed data is stored or encoded/stored the donefixed flag is set. If there is 
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no variable data the FSM returns to the idle state hence the reason to check the donefixed flag before 
advancing i.e. only store/encode the fixed data once. * 

"^^J^^ """^ ^'^y ^'*>« fi^«l data in the 

^houIdbT " e«cadsfeerf and datan^ and detetmine what the next «S 

bypass_to^Hdi> The bypass.to.etdi takes 120-bits of fixed data(pre-encoded) from the ta&_data(l27 0) 
reg«ter and stores it u, the 15*8 (by 2 for simultaneous reads) buffers. The data is paSd from tte 
tag data register through 3 levels of muxing (levell. Ievel2. Ievel3) where it enters tixe RSO/RSl en^«^ 
W t r T ^ "^t^ "^""^ '^""'^'-^ are zero hence thedaT^S 

S i?"" '° '^^^ to this data as coS 

etd_buj_^tch:- This state is used to set the tdvalid signal and pulse the etd_<uh tag signal which in turn 

the fim tune a tag .s encoded. If zero it means read the tag data from the RTDi FIFO and encode OnS 

!St * r^I? TT^.'" '^'^ ^^^'^ °f time around 

hr^lS . ^ "'"^ ""'""^ rcadtagdata state to fiU the 2nd ETDi buffer. After this 

Si^f^"^^ '•"i'r r Wo«>.t«^ signal to arrive. In between tags wh^ £ 1^ 
doungtag signal is reccnred the etd_ady_tag is pulsed and the FSM goes to the readtagdaTstate HowetJr 
ITJrlT^ T1 "^"^ of a Une there is an extra 1 cycle delay intro'duced in gen^^g 

the <nd_adv_tag pulse (via etd_adv_tag_endqfline) due to the pipelining in the TFS. TTiis allows all the 
previous tag to be read from the correct buffer and seamless traifer to the other buffer S the n^ lf,!c 
readtagdata:- The readtagdata state waits to receive a rtdimi//signal from the raw tag date interface which 

f nit, f 2*«^«ts «ito the tag_data reguiter. If the rtdavaU signal is set r/dW is pulsed for 1 cycle 
and the FSM steps onto die loadtagdata state. Initially the flag;?«rtf46to wUl be zero. ?he oTS 
TrnXf ^, LT'*''''^''^''^."'' flagyir.««6ito is set to indicate die first raw tag dm r^t 
STfsm I f f ^.'"'^ '° ^ read^tagdata state where it generates the seconS ndrd pulse. 

mgJS^PM:^^ l«>adtagdata state for where the second 64.bits of rawtag data are assigned to 

'^T'^T ^V^'^'^ ^ *^tes die raw tag data into the.tegL.Azra register from the RTDi FIFO 
Tbs^st64bits flag is reset to zero as the tag_data register now contains 120/1 12 bits of variable data A 
decode of whether to (15:5) or (15:7) RS encode or 2D decode this data decides the iieiS s^ 

Zd^i^fj'A^'' '^'^-^•i^^*^!' '^"^ «ther encodes 40-bit Fixed data or 120-bit 

"S'S^^ " rfoH^«/flag is set as tus onlj needsTo be done onc^ 

• ff ^ ""^t^tapresent register is then polled to see if there is variable data in the tags. If diere 

« variable date ^t then this data must be read from the RTDi and loaded into the tag_^ register 
Else tiie tdyalid flag must be set and FSM returns to the idle state, control 5 is a controfifrSr^et^ 
Encoder and controls feedforward and feedback muxes that enable (15:5) encoding. 

* the control signals for passing 120-bits of variable tag data to the RS 

T^l"^ ] o r « both to control the levell nSx and act ^ S 

1 5-cycle counter of the RS Encoder. This logic cycles for a total of 3 » 1 5 cycles to encode the 1 20^ite. 

b^T^ £«eadif 5:"-^ '^'^ ^^"^ '° ^'^ '^'^P* Ievell_mux has to select 7 4-bit sym- 

f5o''Sr^''-^Kr^:.'''*'*"'*-^''-'^-^^' decode_2d states provides the control signals for passing the 
120-bit variable data to the 2D decoder. Tlie 2 Isbs are decoded to create 4 bits. fhH bits fix,m eacJ 
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decoder are combined and stored in the ETDi. Next the 2 MSBs aie decoded to create 4 bits. Again the 4 
bits from each decoder are combined and stored in the ETDi, 

As can be seen from Figure 161 on page 386 there arc 3 stages of muxing between the Tag Data register 
and the RS encoders or 2D decoders. Levels 1-2 are controlled by levell^mux and levei2_mux which are 
generated within the TDi FSM as is the write address to the ETDi bufTeisletd^wr^adr) 

Figures 1 67 through 172 illustrate the m^pings used to store the encoded fixed and variable tag data in the 
ETDI buffers. 
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during cycles N to N^14 
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d20 to d29 are encoded and stored 
during cydes to 



«S1 »|P59P5BPS7P56PS3P54P53PszPSlPs0d29d!2a<%y^d23 



Figure 167. Mapping of the tag data to codeworde 0-7 
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T^tagdatB(i 



<J4 da da 



^ ^ <h <k ^5 



»di da 




RSI j — ►{ Pt9 Pia Pi7 Pta Pis Pu Pia P12 Pn Pio d9 de dy ds ds 



do 10 d9 are encoded and stored 
during cydes N to N-f14 



wradr(S:0) 




codeword? 
oodewortf 



Figure 168. Coding and mapping of uncoded Fixed Tag Data for (15.5) RS encoder 



TE_ta9data(1 10:0} 



dO to d29 are stored 
durfng cydes N to N^U 




16 1 

Figure 169, Mapping of pre-coded Fixed Tag Data 
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dO to d13 are encoded and stored 
during cydes N to N4-14 
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Figure 170. Coding and mapping of Variable Tag Data for (15.7) RS encoder 



Doc: SoPEC.hardware^desIgn 
Version: 2.3 



S3 Proprietary Document 



25"Nov 2002 
Page 397 



SoPEC : Hardware Design 



i3 
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during cycles N to N^14 
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Figure 171. Coding and mapping of uncoded Fixed Tag Data for (15,7) RS encoder 
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Figure 172, Mapping of 2D decoded Variable Tag Data 
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26.7.6 Reed Solomon (RS) Encoder 



26.7.7 Introduction 



Ite S^Sirrfin°i "'>«^««><'«- « symbol consists of m bits then there are q = 2™ pos- 

sible symbols defimng the code alphabet. In the TE. m = 4 so the number of possible symbols is q = 16 

An (n.k) RS code is a block code with k infonnation symbols and n code-word svmh«u R«! .«^.c 
the property that the code word n is linutcd to at most qiTsyt^bTls inl^ 

J^:.™br^rter^"'^''*^^^^^"^«*-^ 

• TE_dataredwi = 0 and TB_decode2den - 0. then use the (1 5^) RS coder 

• TE_dataredun =' 1 and 7EL*fecorfe2deii »0. then use the (15,7) RS coder 

For a (15.k) RS code with m = 4. k 4-bit infonnation symbols appUed to the coder produce 1 5 4 bit 

A simple block diagram can be seen in. 



nnmssnssELzmssEnissE^ — ^ 



RS (n,k) encoder 
symbol size m=4 



1 2 n-1 n 



Figure 173. Simple block diagram for an m=4 Reed Solomon Encoder 

26.7.8 I/O Specification 

A I/O diagram of the RS encoder can be seen in. 



26.7.9 



pdJc 



pisun 



rsjtfatajn(3:0] 



enable 



TE_dataredun 



Reed Solomon Ehooder 



Figure 174. RS Encoder I/O diagram 

Proposed implementation 

In the case of the TE. (15.5) and (15,7) codes are to be used with 4.bits per symbol. 

The primitive polynomial is p(x) = x"* + x + 1 

In the case of the (15.5) code, this gives a generator polynomial of 

g(x) = (x+a)(x+a2)(x+a3Xx+a^)(x+a5)(x-^a«)(x-^a^Xx+a8)(x+a^(x+a'0) 
g(x) = x'O + aV -H a^x« + ^ ^6^6 ^ ^14^5 ^ ^2^4 ^ ^3 ^ ^6^2 + 3^ + ^10 

gW"^'°^89x" + g8X« + g7X^ + g^X^ + g3X^ + g,x^ + g3x3 + ^^^2 -h g,x + go 
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In the case of the (15.7) code, this gives a generator polynomial of 

h(x) = (x+«Xx+a*)(x+a'Xx-Hi*Xx-hi5)(x-Hi«)(x+a')(x4a«) 

h(x) = X* + a"x' + aV + a^x* + aV + a' V + a'x* + a" 'x + a« 

h(x) = X« + hyx' + hfiX* + hjX* + h4X'» + hjx' + hiX* + h,X + h© 

This division is accomplished using the circuit shown in Figure 175. 

coniroi_7 



controtJX — 3\ 
oofitroLS — J/ 



T^datamdui 

inux3 




miut2K 




(V>(tenoctts an fnittpSef thai 

isnA^pfios Galois Halo dements 



f (hat 

adds GeJofs ReU Qlements 



r4J«atsJnO:0} 




rs„iiata_out<3:0) 



nguro 175. (15,5) & (15,7) RS Encoder block diaaram 

S!„S^ ^K**" are Galois Field elements so addition and multiplication are performed using special 
arcuitry. These are explamed m the next sections. * 

TJe RS coder can op«ate either in (15.5) or (15.7) mode. The selection is made by the registers 

FiisUy consider (1 5,5) mode i.e. TEJlatandun is set to zero. 
For each new set of 5 input symbols, processing is as follows: 

4-bite of the first symbol do are fed to the input port rj_di.ra_i>i(3:0) and control 5 is set to 0. mux2 is 
setwas to usetheoutputas feedback. ««,n,/_5is zero so m«x¥selectsthein^^^ data .MasA^j! 

J .^tllT f '^^^'"''^f '^'^ ^"'•^ '^S^'^'^" again^s 

Aft^^cw ? T« ^ '^^^'^ a result, the first 5 outputs are the same as Ae inputs, 

fo Ll^tlw ^Sf « nowj^**"^ ^'^^ '0 '«<l"i«d outputs. contrvLS is set to 1 for the next 
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S5 



A timing diagram is shown below. 
Ill , 




FlflUTB 176. (15.S) RS Encoder timing diagram 
Secondly consider (1 5,7) mode ie. TE_dataredun is set to one. 

In this case processing is similar to above except that contn>l 7 stays low while 7 ««mh«ic ^ v x 
a.* fed in. As well as being fed back into the circuit. ^^%^V^f^^]^^l ^^'thes^^T 
cycles. ca«m,L7 is set to 1 and the contents of the shift xegis^axe fed to ftel^t ^ ^ ^ 

A timing diagram is shown below. 



r8.<fata.bVd:0] 



Wftter , Y1 Ha Vk Va Vrr Vo V« V**U-- w-=-irrrvT-T^/— 1 — . I 



rs^oounter 
TE_dalaredun 
oonuoUS 
oortrol_7 



I I 



I I I 



I I 



Figure 177. (15.7) RS Encoder timing diagram 

The enable signal can be used to start/reset the counter and the shift registers. 

Jin?uSLTl^J!!"«5' ^'^^ ^""^^ °° ^ "^8 "'Ig*- After 15 symbols have 

""T *f ^Wft registers are reset and encoding will proceed untU it is 

ouiput at a rate of 1 syrobol per cycle, even over a few codewords. 
Alternatively, the RS encoder can request data as it requires. 

The perfonnance criterion that must be met is that the following must be earned out within 63 cycles 

• load one tag's raw data into raite^itoto ^ uui wiuun o cycles 

• encode the raw tag data 

• store the encoded tag data in die Encoded Tag Data Interface 
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26.7.10 Galois Field elements and their representation 

A Galois Field is a set of elements in which we can do addition, subtraction, multiplication and division 
without leavmg the set. 

The TE uses RS encoding over the Galois Field GF(2^ There are 2^ elements in GF(2*) and they are gen- 
erated usmg the primitive polynomial p(x) = + x + 1 . 

The 16 elements of GF(2^) can be represented in a number of diflFerent ways. Table shows three possible 
representations - the power, polynomial and 4-tuple representation. 

Table 129. GF(2*) representaUons 
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(0000) 
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(1 00 0) 
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(0 10 0) 




x^ 


(00 10) 


Of' 


x^ 


(0001) 


a* 


1 ♦x 


(110 0) 


a' 


x+x^ 


(0110) 


a« 


x^+x^ 


(0 011) 




1+X +x' 


(1101) 


a» 


1 +x^ 


(1010) 


a» 


X +x' 


(0101) 


a'o 


1 +x + x^ 


(1110) 


a" 


x+x*+x^ 


(0 111) 


o« 


1+X + XUX' 


(1111) 


a" 


1 +x^ + x' 


(1011) 


o" 


.1 +x^ 


(1001) 



26.7,1 1 MuKlplicatlon of GF(2^) elements 

The multiplication of two field elements a* and a*^ is defined as 
of = oe*,a^ = o(a+b)nKHluto 15 

Thus 

So if we have the elements in exponential form, multiplication is simply a matter of modulo 15 addition. 
If the elements are in polynomialAuple form, the polynomials must be multiplied and reduced mod x^ + : 

Suppose we wish to mulriply the two field elements in GF(2'*): 
oc* = a3X^ + ajx^ + a,x^ + bq 
a^«b3X^+b2x2 + b|x'+bo 
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where 24. bj are in the field (0,1) (i.e. modulo 2 arithmetic) 
Multiplying these out and using + x + 1 = 0 we get: 

a*^*" = [(aob3 + aib2 + ajb, + ajbo) + ajbjx^ 

+ f(aob2 + a,b, + a2bo) + ajbj + (ajbj + a2b3)]x2 

+ [(aob, + a,bo) + (ajbj + a2b3) + (ajbj + a2b2 + ajb^Jx 

+ [(aobo + a,b3 + ajbj + ajb,)] 
a*** = {aob3 + ajbj + aab, + a^dbo + b3)]x^ 

+ [aobj + a,b, + ^2(^0 + bj) + a3(b2 + hi) ]x^ 

+ [aob| + a,(bo + bj) + a2(b2 + bj) + a3(b, + b2) Jx 

+ [aobo + aib3 + a2b2 + a3b|] 

If we wish to multiply an arbitrary field element by a fixed field element we get a more simple form. Sup- 
pose we wish to multiply a** by a^. 

In this case = x^ so (aO al a2 a3) = (0 0 0 1). Substituting this into the above equation gives 

a*' = (bo + b3)x^ + (b2 + b3)x^ + (b, +b2)x + bj 
This can be implemented using simple XOR gates as shown in Figure 178 

ba ^ b, ti^ mtf> 







1 


J 

r 








r 









Ca 92 C| ^ -rf*** 

^ cdusiwB OR Bat« 

Figure 178. Circuit for muKlprying by a' 

26.7.12 Addition of GF(2^) elements 

If the elements are in their polynomial/tuple foTm» polynomials are si^^}ly added. 
Suppose we wish to add the two field elements in GF(2'*): 

a* = a3X^ + a2X^ + aix + ao 

d** = bjx^ + bjx^ + b,x + bo 
where a^, b| are in the field (0»1) (i.e. modulo 2 arithmetic) 

a« = a* + = (aj + b3)x^ + (a2 + b2)x2 + (a, + b, )x + (ao + bo) 
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Si 



Again this can be implemented using simple XOR gates as shown in Figure 1 79 

«b 03 ba Bj bt a, tv* a« 



T 



^ ^ 



Cto -«^*a* 



edusfve OR gate 



Figure 179. Adding two field elements 



26.7.13 Reed Solomon Implementation 

The designer can decide to create the relevant addition and multipUcation circuits and instantiate them 
where necessary. Alternatively the feedback multiplications can be combined as follows ^""'^ "^"""^ 
Consider the multiplication 



or in terms of polynomials 
.3 ^ 0-^2 



(ajx + a2x2 + a,x + a^Kb^x^ + bzx^ + b,x + bo) = (c^x^ + c^x^ + c,x + co) 
res^ts'^S?^^^^^^ 



Table 130. muftfplied by all fleld elements, expressed In terms of 
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the following signals are required: 
• bo,bi,b2, b3, 
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bo^bt+b2+b3 
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• ( bo+b,), (bo+bj). (bo+bj), (bi+bj). (b.+bj), (bz+bj). 

- (bo+b,+b2),(bo-M>i+b3).(bo+b2+b3),(b,+b2+b3), 

• (bo+bj-t-bz+bj) 

The RS encoder has 4 input lines labelled 0,1,2 & 3 and 4 output lines labelled 0.1,2 & 3. This labellinis 
W ^ """^""^^'^ ^ ' polynomial/4.tuple representation. The mapping of 4.bit symboU 
from the TE,tagdata raster into the RS is as follows: 

' the LSB in the TE^tagdata is fed into UncO 

- the next most significant LSB is fed into linel 

- the next most significant LSB is fed into Iine2 

- the MSB is fed into line3 

SZsH&S^s^^ "^'^^ " ^'^^'^ ^'^'^^ ^^'^ - 

- lineO is fed into the LSB (bit 0/4) 

- linel is fed into the next most significant LSB (bit 1/5) 

- Iinc2 is fed into the next most significant LSB (bit 2/6) 

- Iine3 is fed into the MSB (bit 3/7) 
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Figure 180. RS Encoder Implementation 
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26.7.14 2D Decoder 



The 2D decoder is selected when TE^decode2den = 1. It operates on variable tag data only, its fimction 
to convert 2-bits into 4-bits according to Table 131. iwncnon 



IS 



Table 131. Operation of 2D decoder 



mi 




00 


000 1 


01 


00 1 0 


1 0 


0100 


1 1 


1000 



26.7.1 5 Encoded tag data interface 



The encoded tag data interface contains an encoded fixed tag data store interfece and an encoded variable 
tag data store interface, as shown in Figure 181. 
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Figure 181. encoded tag data interface 
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The two reord units simply reorder the 9 input bits to map low-order codewords into the bit selection com- 
ponent of the address as shown in Table 132. Reordering of write addresses is not necessary since the 
addresses are already in the correct format. 



Table 132. Reord unit 







flip 






B 


select 1 of 8 codewords 


B 






c 


D 


select 1 of 15 symboJs 


0 


select 1 of 15 symbols 


E 






F 




F 


G 




G 


C 


select 1 of 8 bits 




H 


select 1 of 4 bits 


H , 




1 


1 



The encoded fixed data interface is a single 15 x 8-bit RAM with 2 read ports and 1 write port. As it is only 
written to during page setup time (it is fixed for the duration of a page) there is no need for simultaneous 
read/write access. However the fixed data store must be capable of decoding two simultaneous reads in a 
single cycle.Figure 182 shows the implementation of the fixed data store. 




3<tobHs) 

-7^ 



Figure 182. encoded fixed tag data interface 

The encoded variable tag data interface is a double buffered 3 x IS x 8-bit RAM with 2 read ports and 1 
write port. The double buffenng allows one tag*s data to be read (two reads in a single cycle) while the 
next tag*s variable data is being stored. Write addressing is 6 bits: 2 bits of address for selecting 1 of 3, and 
4 bits of address for selecting 1 of 15. Read addressing is the same with the addition of 3 more address bits 
for selecting I of 8. 

Figure 183 shows the implementation of the encoded variable tag data store. Double buffering is imple- 
mented via two sub-buffeis. Each time an^^Th^ pulse is received, the sense of which sub-buffer is being 
read from or written to changes. This is accomplished by a 1-bit flag called wrsbO. Although the initial 
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ri'c^'Spi^'S^'- """"^^ of an^^ra^pulse. The structure of each sub-buffer 




outO 



■> outi 



Figure 183. Encoded variable tag data interface 
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Figure 184. Encoded variable tag data sub>buffer 
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26.8 Tag Format Structure (TFS) Interface 



26.8.1 Introduction 



The TFS specifies the contents of every dot position within a tags border i.e.: 

• is the dot part of the background? 

• is the dot part of the data? 

The TFS is broken up into Tag Line Stnicnires (TLS) which specify the contents of every dot position in a 
particular line of a tag. Each TLS consists of three tables - A. B and C (see Figure 185). 

For a given line of dots, all the tags on that line correspond to the same tag line structure. Consequently, for 
a given line of output dots, a single tag line structure is required, and not the entire TFS. Double buffering 
allows the next tag line structure to be fetched from the TFS in DRAM while the existing tag Une structure 
is used to render the current tag line. 

The TFS interfece is responsible for loading the appropriate line of the tag format strucnire as the tag 
encoder advances through the page. It is also responsible for producing table A and table B outputs for two 
consecutive dot positions in the current tag line. 

0 31 

0 



TE^tfsstartadr 



Tag Format Structure < 
for tag X 



The number of dot Unes 

(na Tag « rv«>1 

l.e. TagHo^t^ rw-i 



T^tfisendadr 



TLS X_0 



TLSX_1 



TLSX-2 



Tl-SX^n 



TLS X-»-1_0 



TLSX+ll 



TLS X+1 2 



TLS X-t-Un 



IbbTeA 

24 x 32^itsa76G-bcts 
(384 entries x24>its) 



TatxeB 

9 X 32-bltS':«288-bits 
f32 entries itft^lte\ 



f% q'iO- 31^ 



23 
24 

32 
33 



Table C 
l0-bfts 

(2 entries x S-blts) 



22-bits reserved and unused 



Figure 185. Breakdown of the Tag Format Structure 

There is a TLS for every dot line of a tag. 

All tags that are on the same line have the exact same TLS. 

A tag can be up to 384 dots wide, so each of these 384 dots must be specified in the TLS. 

The TLS information is stored in DRAM and one TLS must be read in to the TFS Interface for each 

line of dots that are outputted to the Tag Plane Line Buffers. 

Each TLS consists of 17 64-bits words. This is read from DRAM as 5 times 256-bit words with 192 
padded bits in the last 256'bit DRAM read. 



26.8.2 I/O Specification 

Table 133. Tag Format Structure Interface Port List 
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Table 133. Tag Format Structure Interface Port List 
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tfs,diu_mdf{2l:S) 
tag encoder top level 



In 
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Data acknowfedfle from ORAM 
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For even tag rows = 0 I.e. 0;2,4.. 
For odd tag rows =s 1 i.e. 1.3,5., 
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tfsLta^dotO[l:0] 



tfsLta^dot1[l:0] 



Out 



Out 



TLS tables A> B and C. ready fer use 



Out 



tag encoder top level (PCU read decoder) 



Even entry from Table A oonesponding to top^ta gdotnum 
Odd entry from Table A corresponding to tnp^tagdotnum 



tfe_te,tfsstartadr(23:0) 



tfs_te_tfsendadif23.-0] 



tfs_te_tfsfifstUneadr(23:0] 



Out 



Out 



Out 
Out 



TFS tf sstartadr register 



TPS tfsendadr register 
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Out 
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Read address fbr doll (odd dot) 
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26.8.Z1 State machine 

The state machine is responsible for generating control signals for the various TFS table units, and to load 
the appropriate line from the TFS. The states are explained below. 

idle> Wait for top^o to become active. Pulse advjfsjine for 1 cycle to reset tawradr and tbwradr regis- 
ters. Pulsing adv^tfsjine will switch the read/write sense of Table B so switching Table A here as well to 
keep things the same i.e. wrtaO = NOT(>maO). 

diu_access> In the diu^access state a request is sent to the DIU. Once an ack signal is received Table A 
write enable is asserted and the FSM moves to the tlsjoad state. 

^^Joad> The DRAM access is a burst of 5 256.bit accesses, ultimately returned by the DIU as 
I 5*(4*64bit) words. There wiU be 192 padded bits in the last 256.bit DRAM word. The first 12 64-bit 

words reads are for Table A, words 1 2 to 1 5 and some of 1 6 are for Table B while part of read 1 6 data is for 
Table C. The counter read_num is used to identify which data goes to which table. The table B data is 
stored temporarily in a 288-bit register until the tis^update state hence tbwe does not become active until 
read_num= 16). 

• The DUJ data goes directly into Table A ( 1 2 ♦ 64), 

• The DIU data for Table B is loaded into a 288-bit registct 

• The DIU data goes directly into Tabic C. 



tls_update> The 288-bits in Table B need to written to a 32*9 buffer. The Us_update state takes care of this 
using the read^num counter. 

th^nexr,- This state checks the logic level of tfsvalidzxA switches the read/write senses of Table A (wrraO) 
and Table B a cycle later (using the advjfsjine pulse). The reason for switching Table A a cycle early is 
to make sure the topjevel address via tagdotnum is pointing to the correct buffer. Keep in mind the 
topjevel is woridng a cycle ahead of Table A and 2 cycles ahead of Table B, 

If tfsValid is 1, the state machine waits until the advTagline signal is received. When it is received, the 
state machine pulses advTFSLine (to switch readAvrite sense in tables A, B, C), and starts reading die next 
line of the TFS fiom currTFSAdr. 

If tfsValid is 0. the state machine pulses advTFSLine (to switch read/write sense m tables A. B, C) and then 
jun^s to the tls^tfsvalid.sct state where the signal tfsValid is set to I (allowing the tag encoder to start, or 
to continue if it had been stalled). The state machine can then start reading the next line of the TFS from 
currTFSAdr, 

tls_tfsvalid_next:. Simply sets the tfsvalid signal and returns the FSM to die diu.access state. 



If an advTagLine signal is received before the next line of the TFS has been read in, tfsValid is cleared to 0 
and processing continues as outlined above. 
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The TFS state flow diagram is shown in below.. 
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26.8.3 



Figure 186, TFSI FSM State Flow Diagram 
Generating a tag from Tables A, B and C 

HS—HSr— ^^^^^^^^ 
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utput dot value is generate „ ^^^^ 

These 2-bits are inteipreted according to Table , Table aTd^TaWe*." 

Table 134. InterpretaUon of bItO from entry In Table A 



S?.^,"?:!? .^^V.^^"^ ^^""'"^'^ ^ Each entry in Table A consists of 2.bits . bitO and bitL 



the output bit comes dfrectiy from bftl (see Table). 



^ ««^!blt a>mes from a data bit. Bill la used in conjunction with Tao Une 
Structure Table B to detennine which data bH wHI be output 



Table 135, Interpretation of bHI from entry in table A wtien bItO = 0 



output 0 



output 1 



Table 136. Interpretation of bitl from entry In table A when bJtO = 1 



output daia bit pointed to by current gidex Into Table B 



oulput dale bH pointed to by cwrent index Into -fabte B. and advance index bTT. 



blli*^?"f^>,**°*/?.' ^'^r"'^ ^ backgrot^d pattern. Th^ dot value itself 

comes from bitl i.e. if brtl = 0 then the output is 0 and if bitl = l then the output is 1. 

If WW) - 1 &cn the output dot for this entry comes from the variable or fixed tag data Bitl is used in con 
junction with Tables B and C to deteimine data bits to use. 

To understand the interpretation of bitl when bitO -= 1 we need to know what U ^nrpH , „ x,ki- d t»ui d 
^ntains the addr^s^^ofaUthedatabitsthatare used i^ 

:::i!2r«tS;*ir^r;'^^^^^^^ 

Each Table B entry is 9-bits long and each points to a specific variable or fixed data bit for the taa Each 

Sb^T.^* "T'T. °' ^^"^ a total of 480 £abi^To^ 

^SS^SS"*' a» based on the RS encoded tag data. Table lists the interpretahon of it 



Table 137. tnterpretatlort of 9-blt tag data address In Table B 













Codewords 0, 1 , 2. 3. 4. 5 are variable data. 
Codewords 6, 7 are fixed data. 
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Table 137. Interpretation of 9-blt tag data address in Table B 




Select 1 of 15 symbols (1111 Invafld) 



Select 1 of 4 bits from the selected symbols 



If the fixed data is suppUed to tlie TE in an unencoded form, the symbols derived from codeword 0 of fixed 
data are wntten to codeword 6 and the symbols derived from fixed data codeword 1 are written to code- 
word 7 The data symbols are stored first and then the remaining redundancy symbols are stored after- 
wards, for a total of 1 5 symbols. Thus, when 5 data symbols arc used, die 5 symbols derived from bits 0-1 9 
are wntten to symbols 0-4, and the redundancy symbols are written to symbols 5-14. When 7 data symbols 
are used, the 7 symbols derived from bits 0-27 are written to symbols 0-6. and the redundancy symbols are 
wntten to symbols 7-14 

However, if the fixed data is supplied to the TE in a pre-encoded form, the encoding could theoretically be 
anything. Conscquentiy the 120 bits of fixed data is copied to codewords 6 and 7 as shown in Table 138. 

T^ble 1 38, WqpP'ng fixed data to codeword/symbols when no redundancy encoding 









0-19 


0-4 


6 


20-39 


0-4 


7 


40-59 


5-9 


6 


60-79 


5-9 


7 


80-99 


10-14 


6 


100-119 


10-14 


7 



It IS important to note that the inteipretation of bitl from Table A (when bitO = 1) is relative A 5-bit index 
IS used to cycle through the data address in Table B. Since the first tag on a particular line may or may not 
start ^ the first dot m the tag. an iniHal value for the index into Table B is needed. Subsequent tags on the 
same hne will always start with an index of 0. and any partial tag at the end of a line will simply finish 
before the entire tag has been rendered. The iniHal index required due to the rendering of a partial tag at 
the stort of a line is suppUed by Table C. TTie initial index will be diflferent for each TLS and there are two 
possible mitial mdexes since there are effectively two types of rows of tags in tenns of initial offsets. 
Table C provides the appropriate start index into Table B (2 5-bit indices). When rendering even rows of 
tag^ entry 0 is used as the initial index into Table B, and when rendering odd rows of tags entry 1 is used 
u the uutial index into Table B. The second and subsequent tags start at the left most dots position within 
the tag, so can use an initial index of 0. 
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26.8.4 Architecture 

A block diagram of the Tag Format Structure Interface can be seen in Figure 187. 
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Figure 187. TFS Block Diagram 
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2S.8.4.1 Tabie A interface 



A ^^'"^^ ^ representing 2 condgu- 

ous table A entncs). the other RAM is being written to with the next line's table A data (64-biJ at a time) 
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dataln 
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dataln 
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Figure 188. Table A interface block diagram 

l?" A^"^ data to be printed (if each LSB = 0) must be passed to the topjevel 2 cycles after the 
read of Table A due to the 2.stage pipelining in the TFS from registering Table A and Table B outputs 
hence this extra registermg stage for the generation of ta.dotO^lcyclelater and tajotl.lcyclelater. 
Each time an AdvTFSLine pulse is received, the sense of which RAM is being read from or written to 
changes. This is accomplished by a 1 -bit flag called wrtaO. Although the initial state of wrtaO is irrelevant 
It must invert upon receipt of an AdvTFSLine pulse. A 4^bit counter called tafVrAdr keeps the write 
address for the 12 writes that occur after the start of each line (specified by the ^lA^^^ input). 
The tawe (table A write enable) input is set whenever the data in is to be written to table A The tafVrAdr 
ad^ss counter automatically increments with each write to table A. Address generation for tawe and 
ta WrAdr as shown m Table 1 89. « 



advTFSLine - 



tawe . 



wrtaO 
(1 bit) 



tat>to A 
addrass gen 



taWrAdr 
(4 bits) 



■> wrtaO 
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Figure 189. Table A address generator 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



2STMOV 2002 
Page 418 



SoPEC : Hardware Design 



SI 



26.B.4.2 Table C Interface 

A block diagram of the table C interface is shown below in Figure 190. 



tagAltSensa 



advTFSUne 



dotPosUalid 




Figure 190. Tabfe C interface bloci( diagram 

The address generator for table C contains a 5 bit address register adr that is set to a new address at the 
start of processing the tag (either of the two table C initial values based on tagAltSense at the start of the 
luie, and 0 for subsequent tags on the same line). Each cycle two addresses into table B are generated 
based on the two 2.bit inputs [inO and inl). As shown inScction 139. the output address tbRdAdrO is 
always adr and tbRdAdr! is one of adr and adr^l, and at die end of the cycle adr takes on one of adr 
adr-^J^ and a</r+2. 

Tabfe 139. AdrCen lookup table 
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1^ X - don*( care state. 



26.8.4.3 Table B Interface 

The table B interface implementation generates two encoded tag data addresses (tfsLadrO tfsi^adrl) 
based on two table B input addresses {tbRdAdrO. tbRdAdr!). A block diagram of table B can' be seen in 
Figure 191. 



tbRdAdfOj 



tbRdAdni 



advTFSUnei 
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Figure 191. Table B interface block diagram 

Table B data is iniriaUy loaded into the 288.bit table B temporary register via the TFS FSM. Once all 288- 
bit entries have been loaded from DRAM, the data is written in 9-bit chunks to the 32*9 register arrays 
based on tbwradr. 

Each time an AdvTFSUne pulse is received, the sense of which sub buffer is being read from or written to 
changes. This is accomplished by a 1-bit flag called wrtbO. Although the initial state of wrtbO is irrelevant. 
It must invert upon receipt of an AdvTFSUne pulse. 

Note:- The output addresses from Table B are registered. 
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27 Tag FIFO Unit (TFU) 

27.1 Overview 

V'aI^^? "■^*J^''"> P"'^**" *e >neans by which data is transfeircd between the Tag Encoder (TE) 
and the.HCU. By abstracting the buffering mechanism and controls from both units, the interface is clean 
between the data user and the data generator. »v.«^ 

The TFU is a simple FIFO interface to the HCU. The Tag Encoder wiU provide support for arbitrary Y 
!; flTT^Tr^'* '° ^Su^i ^ dot data is performed at the output of theHFO 

.1 ^''^^ ^^'^^ t** TE from the TFU to allow stalling of the TE during a line. The TE 
mterfeces to the TFU with a data width of 8 bits. The TFU interfaces to the HCU with a dJa width ofl bit 
The depth of the TFU FIFO is chosen as 16 bytes so that the HFC can store a single 126 dot tag. 

27.1 .1 Interfeces between TE, TFU and HCU 
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Rgure 192. Interfaces between TE, TFU and HCU 

27.1.1.1 TE^TFU Interface 

The interface from the TE to the TFU comprises the following signals: 

• tejfii_wdata^ 8-bit write data. 

• tejtfu^wdatavalid^ write data valid. 

• '«-«/5'-H'ra£/v///ie, accompanies the last valid 8-bit write data in a to^^ 
The interface from the TFU to TE comprises the following signal: 

• tju_te_oktowrite, indicating to the TE that there is space available in the TFU FIFO. 

I?1I l?'"" ^ ^^'^^ ^ "^'^ tfuMhc^te output bit is set. TT.e TE write 

will not occur unless data is accompanied by a data valid signal. 

27.1.1.2 TFU'HCU interface 

The interface from the TFU to the HCU comprises the following signals: 

• tjujkcu^tdata, 1 -bit data. 

• tfujicu^avail data valid signal indicating that there is data available in the TFU FIFO. 
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The interface fiom HCU to TFU comprises the following signal: 
• hcu_tfii_ready, indicating to the TFU to supply the next dot. 

27.1.1.2.1 X scaling 

JTl'*^." ^""^ >° the X direction to convert the final output to 

1600 dp.. UnUke both the CFU and SFU. which support non-integer scaling, the scaling is integeronly 
Replication in the X direction is performed at the output of the TFU FIFO on a dot-by-dot basis. 
To account for the case where there may be two SoPEC devices, each generating its own portion of a dot- 
T^^r it IT ^ '«P»«ted the total scale-factor number of times by an individual 

S^;?** 'JV^" "l^e'y be scaled-up correctly with both devices doing part of the scaling, one on its 
lead-out and the other on its lead in. 

^Ta be involved in producing the same byte of output tag data straddling the print- 

head boundapr The HCU of the left SoPEC will accept from its TE the coir^amount of do J ignS 
any dots in the last byte that do not apply to its printhead. The TE of the right SoPEC will be progiLmed 
^ortect number of dots mto the tag and its output will be byte aligned with the left edge of &e print- 
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27.2 Definitions of I/O 

Table 140. TFU Port Ust 



Clocks and Resets 


pdk 


1 


In 


SoPEC Functional ck>c«c 


prst_n 


1 


In 


Global reset signal. 


PCU Interface data and control signals 


pcu.addrt3:2] 


2 


In 


PCU address bus. Only 2 bits are required to decode the 
address space for this block. 


pcu_dataout(31:0] 


32 


In 


Shared write data bus from the PCU. 


tfu_pcu.daiatn(31K)} 


32 


Out 


Read data bus from the TFU to the PCU. 


pcu.rwvn 


1 


In 


Common read/not-write signal from the PCU. 


pcu_tfu_sel 


1 


In 


Block select from the PCU. When pcu^tfu^set id high both 
pcu_addran6 pcu_clataout are valid. 


lfu_pcu_rdy 


1 


Out 


Ready signal to the PCU. When «l/_pcti_/dy Is high it Indi- 
cates the last cyde of the access. For a write cyde this 
means pci/_da(aouf has been registered by the bk>ck and 
for a read cyde this means the data on tfu_pcu databi is 
vand. 


TE Imenace aaia and control signals 


te_tfu_wdata(7:0J 


8 


In 


Write data for TFU FIFO. 


te_tfu_wdatavaOd 


1 


In 


Write data valid signal. 


t6_tfO_wradvline 


1 


In 


Advance line signal strobed when the last byte in a line Is 
placed on te^tfu^wdsta 


tfu_te_oktowrite 


1 


Out 


Ready signal indtcaUng TFU has space available in Ifs FIFO 
and is ready to be written to. 


HCU Interface data and control signals 


hcu_tfu_advdot 


1 


in 


Signal indicating to the TFU that the HCU is ready to accept 
the next dot of data from TFU. 


tfu_hcu.tdata 


1 


Out 


Data from the TFU FIFO. 


tfu.hcu javail 


1 


Out 


Signal indicating vafkf data available from TFU RFO. 



27.3 



Configuration Registers 

Tabfe 141. TFU Configuration Registers 




Control registers 



0x00 



Reset 



A write to this register causes a reset of 
the SFU. 

This register can be read to indicate the 
reset state: 

0 - reset in progress 

1 - reset not in progress. 
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Table 141. TFU Configuration Registers 











0x04 


Go 


1 


see 
text 


Wrfting 1 to this register starts the TFU. 
WfitinQ 0 to this register halts the TFU. 
When Go Is deasserted the state- 
machines go to their idle states but all 
counters and configuration registers keep 
their values. 

When Go is asserted all counters are 
reset, but configuration registers keep 
their values O e. they dont get reseQ. 
The TFU must be started befbre the TE is 
started. 

This register can be read to detennine if 

the TFU is running 

(1 s running. 0 = stopped). 


Setup register 


-8 (constant during processing of page) 


0x08 


XScate 


8 


1 


Tag scale tactor In X direction. 


OxOC 


XRacScale 


8 


1 


Tag scale factor in X direction for the first 

dot in a line 


0x10 


TEByteCount 


12 


0 


The number of bytes to be accepted from 
the TE per line. Once this number of bytes 
have t>een received subsequent bytes are 
ignored untii there is a strobe on the 
te_tfti_wracMlne 


0x14 


HCUDotCount 


15 


0 


The numt>er of {optionally) x -scaled dots 
per line to be suppRed to the HCU Once 
this number has been reached the remain- 
der of the current FIFO byte la ignored. 



27.4 Detailed description 

The FIFO is a simple 16-byte store with read and write pointers, and a contents store. Figure 193. 16 bytes 
is sufficient to store a single 1 26 dot tag. 

Each line a total of TEByteCount bytes is read into the FIFO, All subsequent bytes arc ignored untU there 
is a strobe on the tejtfiijwnuhline signal, whereupon bytes for the next line are stored. 

On the HCU side, a total of HCUDotCount dots are produced at the output. Once this count is reached any 
more dots in the FIFO byte currently being processed are ignored. For the first dot in the next line the start 
of line scale factor, XFracScale^ is used. 
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The behaviour of these signals and the control signals between the TFU and the TE and HCU is detailed 
below. 



FMbWfPtr 



3 



te_tft4.data V ► 



Frfb 



' RdBit 



tftj.hcu.tdata 



FIfbRdPfir 



Figure 193. 16-byte FIFO in TFU 



// Concurrently Executed Code: 

// "Z^l^^YJ. "X^TT " -'i^J^^" •i«*er (a) roam or <b) no room and all 

// bytes for that Ixne have been received. 

if ((Fifocntnts J- FifoMax) OR (PifoCntnts FlfoMax and ByteToRx «= 0)) then 

tfu_te_oJctowrite « 1 * #/ 

else 

tfu^te_o)ctowrite = o 

// Data presented to HCU when there is (a) data in FIFO and (b) the HCU has not 

// received all dots for a line 

if (FifoCntnts !« 0) AND (BitToTx 1= 0)then 

tfu_hcu_avail u i 
else 

tfu_hcu_avail » 0 

// Output mux of FIFO data 
tfu^hcu^tdata « Fifo [FifoRdPnt J (RdBitJ 

// Se<zuentially Executed Code: 

" if^-"^5"7*'f*'''*'T^^** (Fifocntnts != FifoMax) AND (ByteToRx O) then 

Fi£o(FifoWrPnt'] = te_tfu_wdata 
FifoWrPnt 
FifoContents 
ByteToRx — 

if (te.tfu.wradvline 1) then 
ByteToRx = TEByteCount 

if <hcu_tfu_advdot == 1 and FifoCntnts != 0) then ( 
BitToTX ♦+ 

if (RepPrac — I) then 
RepFrac = Xscale 
if (RdBit = 7) then 

RdBit = 0 

FifoRdPnt t-4- 

FifoCon tents — 
else 

RdBit<^«- 

else 

RepPrac-- 
if (BitToTx 1) then ( 

RepFrac = XFracScale 

RdBit = 0 

FifoRdPnt 

Fif eContents 

BitToTX = HCUDotCount 
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What .s not defied above ,s the fact that, since this is a circular buffer, both the fifo read and write-point- 
eis wrap-around to zero after tiiey reach two. Also not detailed is the fact that if there is a change of both 
the read and wnte-pomter in the same cycle, the fifo contents counter remains unchanged 
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28 Halftoner Compositor Unit (HCU) 

28.1 Overview 

The Halftoner Compositor Unit (HCU) produces dots for each nozzle in the destination printhead taking 
account of the page dimensions (including margins). The spot date and tag data are received in bi-level 
form while the p«el contone data received from the CFU must be dithered to a bi-level representation. The 
resuJtant 6 bi-level p^« for each dot position on the page are then remapped to 6 output planes and out- 
(DNQ ^ * •'"'^ ^ ^ in the printing pipeline, namely the dead nozzle compensator 

28.2 Data flow 

Figure 194 shows a simple dot data flow high level block diagi^ of the HCU. The HCU reads contone 
data from the CFU bi-level spot data from the SFU. and bi-level tag data from the TFU. Dither matrices 
are read from die DRAM via the DIU. The calculated output dot (6 bits) is read by the DNC 



contone RFO 
unit intertacQ 



ORAM 
Interfeoeunit 



oorrtfol 



17 



4-^ IBdL. 



42- 



data 



spot 
FIFO unit 
inteffece 



tag 
RFO untt 
interface 



Halftoner / Compositor Unit 



dead 
nozzta 
compensator 



Figure 194. High level block diagram showing the HCU and Ks external interfaces 

The HCU is given the page dimensions (including margins), and is only started once for the page. It does 
not need to^be programmed in between bands or restarted for each band. The HCU will stall appropriately 
f Its mput buffers are starved. At the end of the page the HCU will continue to produce 0 for all dots as 
piSftoe?^)"^" ^^^^"^ '° conveniently flush 

^nJl?^ Perfoims a linear processing of dots calculating the 6-bit output of a dot in each cycle. The map- 
Z^J^^ f'^'''^ ^ °"«P"» dot allows for such example mappings as compositing of 

the spotO layer over the appropnate contone layer (typically black), the merging of CMY into K (if K is 
present m the pnnthead). the splitting of K into CMY dots if there is no K in^prinflieLi. id Ae gener 
adon of a fixative output bitstrcam, 
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28.3 DRAM STORAGE REQUIREMENTS 



SoPEC allows for a number of different dither matrix configurations up to 256 bytes wide. The dither 
matrix is stored in DRAM. Using either a single or double-buffer scheme a line of the dither matrix must 
be read in by the HCU over a SoPEC line time. SoPEC must produce 13824 dots per line for A4/Utter 
printing which takes 13824 cycles. 

The following give the storage and bandwidths requirements/or some of the possible configurations of the 
dither matrix. 

• 4 Kbyte DRAM storage required for one 64x64 Q)referred) byte dither matrix 

• 6.25 Kbyte DRAM storage required for one 80x80 byte dither matrix 

• 16 Kbyte DRAM storage required for four 64x64 byte dither matrices 

• 64 Kbyte DRAM storage required for one 256x256 byte dither matrix 

Note that regardless of the width of the dither matrix, 256 bytes are always read from DRAM for each linei 
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28.4 Implementation 

A block diagram of the HCU is given in Figure 195. 



Corrtone 
FIFOUnH 



Spot 
FIFO Unit 



Tag 
RFO Unit 



Kalftoner / Compositor Unit 



margins 



* ^ * 



con tone 
dotgen 



'12 



config 
registers 



DM indices 



tm/avafl_mask 



fna)L-dot 



tfnL.read__ei 



DM adcfresses 



dither.oonstant , 



PouWeUneeuf 



^ ^ * ^ 



spot 
dotoen 



dotgen 

X A A 



dot reorg 
0 



dot reorg 
1 



tagplane 
dotgen 



XT: 



.^6 



dot reorg _^ dot reorg 



dot reorg 
4 



control 
unit 



^17 



«0_paDe 



^ ok-to_read 



^ oleto_wrlte 



wr.advdot 



fd_advctet 




dot reorg 
5 



^1 



PCU 



ORAM Interface 
Unit 



Dead Nozzle 
Compensator 



Figure 195. Block diagram of the HCU 
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28.4.1 Definition of I/O 



Table 142. HCU port list and description 



Clocks and reset 






pdk 


1 


In 


System dock. 


prst_n 


1 


In 


Syatem reset, synchronous active low. 


PCU Intetface 


pcu.hcu_sel 


1 


In 


Block select from the PCU, When pcu_hcu_selis high both 
pcM.adrand pcu_dataout are valid. 


pcu.fwn 


1 


In 


Common readAiot-write signal from the PCU. 


pou_adf(7:2J 


6 


In 


PCU address bus. Only 6 bits are required to decode the 
address space for this btock. 


pcu_clataout(31 :0] 


32 


In 


Shared write data bus from the PCU. 


hcu_pcu_rdy 


1 


Out 


Ready signal to the PCU. When hcu_pcu_rcty is high it indicates 
the last cyde of the access. For a write cyde this means 
pct/_dafaouf has been registered by the blodc and for a read 
cyde this means the data on hcu _pcu_data is valid. 


hcu..pcujdata(31:0) 


32 


Out 


Read data bus to the PCU. 


DIU Interface ' 


hcti_diu_rTeq 


1 


Out 


HCU read request, active high. A read request nrwst be accom- 
panied by a valid read address. 


dii|_hcu_rack 


1 


In 


Acknowledge from OIU. active high. Indicates that a read 
request has been accepted and the new read address can be 
placed on the address bus. hcu dtu radr. 


hcu_diu_fadft2 1 :51 


17 


Out 


HCU read address. 17 bits wide (2564)it aligned word). 


diu_hcu_n^id 


1 


In 


Read data valid, active high. Indicates that valM read data Is 
now on the read data bus. diu^data. 


diui.data(63:0] 


64 


In 


Read data from DIU. 


CFU Ifiterfaco 


cfu_hcu_avall 


1 


In 


Indicates valid data present on cfu hcu c(3-0]data lines. 


cfiJ_hcu_o0data[7:0) 


8 


In 


Pbeel of data in oontone plane 0. 


cfu_hcu_c1 data(7.*0] 


8 


In 


Pixel of data in contone plane 1. 


cfu_hcu_c2data(7:0] 


8 


In 


Pixel of data in oontone plane 2. 


clij_hcu_c3data(7:0j 


8 


In 


Pbcel of €lata in contone plane 3. 


hcu_cfu_advdol 


1 


Out 


Informs the CFU that the HCU has captured the pixel data on 
cfu_hcu^<i3'C]data lines and the CFU can now place the next 
pbcel on the data lines. 


SFU Interface 


sfu_hcu_avail 


1 


tn 


Indicates valid data present on sfu hcu sdata. 


sfu_hcu_sdata 


1 


In 


ei-tevel dot data. 


hcu.sfu.advdot 


1 


Out 


informs the SFU that the HCU has captured the dot data on 
sfu_hcu_sdata and the SFU can now place the next dot on the 
data line. 


TFU Interface 


tfu_hcu_avafl 


1 


In 


Indicates valid data present on lA/ hcu (data. 


tfu_hcu_tdata 


1 


In 


Tag dot data. 
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Table 142. HCU port list and description 











hcujlfu.advdot 


1 


Out 


Inforfns the TFU that the HCU has captured the dot data on 
tfu_hcu^taatsi and the TFU can now place the next dot on the 
data line. 


DNC interface 


dnc_hcu_ready 


1 


In 


Indicates that DNC is ready to accept data from the HCU. 


hcu^dnc.avall 


1 


Out 


Indicates vaOd data present on houjdnc_jdata. 


hcu.dnc.data[S:0] 


6 


Out 


Otitput bi-level dot data In 6 ink planes. 



28.4^ Configuration Registers 

The coniiguration registers in the HCU are programmed via the PCU interface. Refer to section 21 .8.2 on 
page 257 for the description of the protocol and timing diagrams for reading and writing registers in the 
HCU. Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register reads 
and writes, the lower 2 bits of the PCU address bus are not required to decode the address space for the 
HCU. When reading a register that is less than 32 bits wide zeros should be returned on the upper unused 
bit(s) of hcu^pcu^data. The configuration registers of the HCU are listed in Table 143. 



Table 143. HCU Registers 







m 




Control registers 


0x00 


Reset 


1 


0x1 


A write to this register causes a reset of the HCU. 


0x04 


Go 


1 


0x0 


Writing 1 to this register starts the HCU. Writing 0 to 
this register halts the HCU. 
When Go is asserted all counters, flags etc. are 
cleared or given their Initial value, but configuration 
registers Iceep their values. 

When Go Is deasserted the state-machines go to their 
idle states tmt all counters and configuration registers 
keep their values. 

The HCU should be started a/forthe CPU, SFU, TFU. 
and DNC. 

This register can t>e read to determine if the HCU is 
running 

(1 s running, 0 = stopped). 


Setup reglfltere (constant for during processing) 


0x10 


AvailMasIc 


4 


0x0 


Mask used to determine whk:h of the dotgen units etc. 
are to be checked before a dot is generated t)y the 
HCU within the specified margins for the specified 
cotor plane. If the specified dotgen unit is stalled, then 
the HCU will also stall. 

See Table 144 for bit alk>cation and definition. 


0x14 


TMMask 


4 


0x0 


Same as AvaitMask. tiut used In the top margin area 
before the appropriate target page is reached. 


0x18 


PageMarginY 


32 


0x0000_ 
0000 


The first line considered to be off the page. 


0x1 C 


MaxOot 


16 


0x0000 


This is the maximum dot number - 1 present across a 
page. For example if a page contains 13824 dots, 
then MaxDotmW be 13823. 
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Table 143. HCU Registers 











0x20 


TopMarQin 


32 


OxOOOO_ 
0000 


ThG first line on a paga to ba considarod within tho 
target page for contona and spot data. (0 = first 
printed tine of page) 


0x24 


BottomMargin 


32 


OxO0O0_ 
0000 


The first One in the target bottom margin for contone 
and spot daU Q,e. first line after target page). 


0x28 


LeftMargin 


16 


0x0000 


The first dot on a line within the target page for con- 
tone and spot data. 


0x2C 


RightMargin 


16 


OxFFFF 


The first dot on a line within the target right margin for 
oontone and spot data. 


0x30 


TagTopMargin 


32 


OxOOOO_ 
0000 


The first fine on a page to be considered within the 
target page for tag data. <0 « first printed line of page) 


0X34 


TagBottomMargin 


32 


Ox0000_ 
0000 


The first One in the target bottom margin for tag data 
(i.e. first One after target page). 


0x38 


TagLaftMargin 


16 


0x0000 


The first dot on a line within the target page for tag 
data. 


0x3C 


TagRightMargIn 


16 


OxFFFF 


The first dot on a line within the target right margin for 
tag data. 


0x40 


OMReadEnable 


1 


0x0 


1 if a dither matrix is epectfied 
0 if a dither matrix is not specified. 


0x44 


StartDMAdr 


17 


OxO_ 
0000 


Points to the first 256-bIt word of the first line of the 

<fi1hdr matrix In DRAM 


0x48 


EncfDMAdr 


17 


Ox0_ 
0000 


Points Id the last 256-brt word of the last line of the 
dither matrix in DRAM. 


0x4C 


Lin olncrofnant 


5 


0x2 


The nirmt>er of 256-bit words In ORAM from the start 
of one line of the dither matrix and the start of the next 
line. i.e. the value by which the DRAM address is 
increrneiTiea ai uie siari oi a line so uiai ii potncs lO me 
Start of the next line of the dither matrix. 


0x50 


DMlnhlndexCO 


8 


0x00 


Initial index within 256-fayte dither matrbc fine buffer for 
contone pfane 0. If using dout)te*txjffer scheme, only 
the 7 lst>s are used. 


0x54 


DMLwrfndexCO 


8 


0x00 


Lower Index within 256-byte dither matrix fine buffer 
for contone plane 0. If using double-buffer scheme, 
only the 7 Isbs are used. 


0x58 


DMUprtndexCO 


8 


OX3F 


Upper index within 256<byt6 cQther matrix line buffer 
for contone plane 0. After reading the data at this 
location the index wraps to DMLwilndexCO, If using 
double-kxjffer scheme, only the 7 lst>s are used. 


0x5C 


DMInitlndexCI 


8 


0x00 


Initial index within 256-byte dither matrix line buffer for 
contone plane 1. If using doutiie-buffer scheme, only 
the 7 Isbs are used. 


0x60 


DMLwrlndexCI 


8 


0x00 


Lower index within 256-byte dither matrbc line buffer 
for oontone plane 1. If using double-buffer scheme, 
only the 7 Isbs are used. 


0x64 


OMUprtndexCI 


8 


Ox3F 


Upper index within 256-byte dither matrix line buffer 
tor oontone plane 1. After reacfing the data at this 
Eocatfon the index wraps to DMLvwIndexCI. If using 
double-buffer scheme, only the 7 Isbs are used. 
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0x68 


0M!nttlndexC2 


8 


Ox(X) ~ 


Initial index within 256-byte dither matrix line buffer for 
contone plane 2. If using double4xiffer scheme, only 
the 7 Isbs are used. 


oxec 


DMLwrlndexC2 


8 


0x00 


Lower index within 256-byte dither matrix line buffer 
for contone ptane 2. if using double-buffer scheme, 
only the 7 Isbs are used. 


0x70 


DMUprindexC2 


8 


0x3F 


Upper index within 256-byte dither matrix line buffer 
for contone plane 2. After reading the data at this 
location the index wraps fo DMLwffndexC2. If using 
doubie-buffer scheme, only the 7 Isbs are used. 


0x74 


OMInftlndexC3 


8 


0x00 


initial index within 256-byte dither matrix line buffer for 
contone plane 3. If using double-buffer scheme, only 
the 7 isbs are used. 


0x78 . 


DMLwrlndexCS 


8 


0x00 


tower ind^ witfiin 2S6-byte dither matrix line butler 
for contone ptane 3. If using doubfe-buffer scheme, 
only the 7 Isbs are used. 


0x7C 


DMUprtndexCS 


8 


Ox3F 


Upper index within 256-byte dither matrix line buffer 
for contone ptane 3. After reading the data at this 
tocatton the index wraps to DMLwrtndexC3, If using 
double-buffer scheme, only the 7 isbs are used. 


0x80 


DoubleUneBuf 


1 


0x1 


Selects the dither line buffer mode to be single or dou- 
t)te buffer. 


0x84 to 0x98 


lOMappingLo 


6x32 


0x0000. 
0000 


The dot reorg mapping foroutput Inks 0 to 5. For each 
ink's 64-bit lOMapping value, lOMappingLo repre- 
sents the low order 32 bits. 






0XO4£ 


uxuouu. 
0000 


The dot reorg mapping for output inks 0 to 5. For each 
ink's 64-bit lOMapping value, lOMappingHi represents 
the high order 32 bits. 


0xB4to0xCO 


cpConstant 


4x8 


0x00 


The constant contone vafue to output for contone 
plane N when printing in the margin areas of the page. 
This value will tyfrically be 0. 


0x04 


sConstant 


1 


0x0 


The constant bi-level vahie to output for spot when 
printing in the margin areas of the page. TTiis value 
•will typf catty be 0. 


0xC8 


tConstant 


1 


0x0 


The constant bi-level value to output for tag data when 
printing in the margin areas of the page. This value 
wQl ty;»catly be 0. 


OxCC 


DithofConstant 


8 


OxFF 


The constant value to use for dither matrix when the 
dither matrix is not available, i.e. wt>en the signal 
dm^avaU is 0. This value wiD typically b© OxFF so that 
CpConstant con easily be 0x00 or OxFF without requir- 
ing a dither matrix <0/f/)erCons£anf is primarily used 
for threshoki dithering in the margin areas). 


Debug registers (read onJy) 
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Table 143. HCU Registers 

















0x00 


HcuPortsDebug 


14 


N/A 


Bit 13 = tfu_hcu^avsut 
Bit 12 = hcu_tfu^ad\/dot 
Bit 11 = sfu_hcu_avaO 
Bit 10 = hcu_sfu_advdot 
Bit 9 s cfu_hcu_w/wl 
Bit 8 = hcu_cfu_a(ivdot 
Bit 7 o dnc^hcu^ready 

Bits 5-0 = hcu^dnc_data 


0xO4 


HcuOotgenOebug 


15 


N/A 


Bit 14 = aft9r_top_margin 
Bit 13 = in^tag^targetpaga 
Bit 12 e if\_ta/g6tj3ago 
Bitll a^.ava// 
Bit 1 0 13 s.avs// 
Bit 9 = cp^avail 
Bit 8 s= tf/n_ava// 
Bit 7 B aMot 

Bits 5-0 s [^,s,qp3.cp^cpt,cpO] 

(i.6. 6 bit input to dot reorg units) 


0xO8 


HcuDitherOebugl 


17 


N/A 


Bit 9 s asMot 

Bit 6 8 cr/n.ava/f 

Bit 15-8 = cp1jdlither_val 

Bits 7-0 » cpO_dither_vsJ 


OxDC 


HajOttherOebug2 


17 


N/A 


Bit 9 = advdot 

Bit 8 o dm^avaU 

Bit 15-8 = cpO^dither^val 

Bits 7-0 B cp2jdither_vsdl 



28.4.3 Control unit 

The control unit is responsible for controlling the overall flow of the HCU. It is responsible for determin- 
ing whether or not a dot will be generated in a given cycle, and what dot will actually be generated - 
including whether or not the dot is in a margin area, and what dither cell values should be used at the spe- 
I cific dot location. A block diagram of the control unit is shown in Figure 196. 

The inputs to the control unit are a number of avail flags specifying whether or not a given dotgen unit is 
capable of supplying 'real* data in this cycle. The term 'real* refers to data generated from external 
sources, such as contone line buffers, bi-levcl line buffers, and tag plane buffers. Each dotgen unit informs 
the control unit whedier or not a dot can be generated this cycle from real data. It must also check that the 
DNC is ready to receive data. 

The contone/spot margin unit is responsible for determining whether the current dot coordinate is within 
the target contone/spot margins, and the tag margin unit is responsible for determining whether the current 
dot coordinate is within the target tag margins. 

The dither matrix table interface provides the interface to DRAM for the generation of dither cell values 
that are used in the halftoning process in the contone dotgen unit 
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ok to readick to wrtta 
cp_avafl, s_av^n. tp^avan 



rdjKlvdot, wff^advdot 



^ hcu_dnc_avall 
dnc_hcu_ready 




^ hcu_dIu_rrBq 
dju.hcM.fack 
► hcu_dlu_radr 
diti^hcuLrvalkl . 
dkj.data 



^ I - s 

- If i^^it'^ % 

Figure 196. Block diagram of the control unit 



28.4.3.1 Determine Ad^Dot 



The HCU does not always require contone planes, bi-level or tag planes in order to produce a page. For 
example, a given page may not have a bi-level layer, or a tag layer. In addition, the contone and bi-!evcl 
parts of a page are only required within the contone and bi-levei page margins, and the tag part of a page is 
only required within the tag page margins. Thus output dots can be generated without contone, bi-level or 
tag data before the respective top maigins of a page has been reached, and Os are generated for all color 
planes after the end of the page has been reached (to allow later stages of the printing pipeline to flush). 

Consequently the HCU has an AvailMask register that determines which of the various input avail flags 
should be taken notice of during the production of a page from the first line of the target page, and a 
TMMask register that has the same behaviour, but is used in the lines before the target page has been 
reached (i.e. inside the target top margin area). £ach bit in the AvailMask refers to a particular avail bit: if 
the bit in the AvailMask register is set, then the corresponding avail bit must be 1 for the HCU to advance 
a dot. The bit to avail correspondence is shown in Table 144. Care should be taken with TMMask - if the 
particular data is not available after the top margin has been reached, then the HCU will stall. Note that the 
avail bits for contone and spot colors are ANDed with injtarget _page after the taiget page area has been 
reached to allow dot production in the contone/spot margin areas without needing any data in the CPU and 
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SFU. The avaii bit for tag color is ANDcd with in^tagjuirget ^age after the target tag page area has been 
reached to allow dot production in the tag margin areas without needing any data in the TFU. 



Table 144. Correspondence between bit in AvaiiMask and avail flag 













0 


dm.avaU 


dither matrix data availabte 


1 


cp.avail 


contone pixels available 


2 


s.avafl 


spot odor available 


3 


tp.avail 


tag plane available 



Each of the input avail bits is processed with its appropriate mask bit and the afterjtop_margin flag. The 
output bits arc ANDed together along with Go and okjioj^te (which speciiies whether the output buffer 
is ready to receive a dot in this cycle) to fonn the output bit advdot. We also generate wr_advdot. In this 
way, if the output buffer is full or any of the specified avail flags is clear, the HCXJ will stall. When the end 
of the page is reached, in^age will be deasserted and the HCU will continue to produce 0 for all dots as 
I long as the DNC requests data. A block diagram of the determine advdot unit is shown in Figure 197. 

The okjto^read signal from the output buffer indicates that the HCU has a dot available for the DNC to 
read (indicated to the DNC by the assertion of hcujincjavail). If the DNC is ready to receive the dot 
{dncjicujready is I) then the dot is read from the output buflfer by asserting rd_jadvdoL 
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IrutargeLpage 



!n\_ma8k(0] 
avaiLmask(0] 
dmAvaB 

aftBr_top.niargtn 

tm_mask{1) 
avaiLmask(l} 

cp_avall 
a.avaO 

8vail_mask(2] 



afto>LtBg_top.margln 

tin_masl^3) 

aMa[|_mas)((3] 
ln_tag_tBrgeU>aQe 
tp.avaa 
oK.to_writa 
' in_pag6 



Go 

oKjto.read 



dnc_/iou_fsady 




28.4.3.2 Position unit 



Figure 197. Block diagram of determine advdot unit 



The position unit is responsible for outputting the position of the current dot (curr jfos^ curr^line) iand 
whether or not this dot is the last dot of a line (advline). Both curr j)os and currjine are set to 0 at reset or 
when Go transitions from 0 to 1. The position unit relies on the advdot input signal to advance through the 
dots on a page. Whenever an advdot pulse is received, curr _pos gets incremented. If curr ^os equals 
max^dot then an advline pulse is generated as this is the last dot in a line, currjine gets incremented, and 
the curr^os is reset to 0 to start counting the dots for the next line. 



2B.4.X3 Margin unit 



The responsibility of the margin unit is to determine whether the specific dot coordinate is within the page 
at all, within the target page or in a margin area (sec Figure 198). This unit is instantiated for both the con- 
tone/spot margin unit and the tag margin imit. 
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tarQet top margin 



target bottom margin 



-target page 

- printable page area 
(physical page) 



Figure 198. Page structure 



The margin unit takes the current dot and line position, and returns three flags. 

• the first, in^age is 1 if the current dot is within the page, and 0 if it is outside the page. 

• the second flag, in^target_page, is 1 if the dot coordinate is within the target page area of the page, and 
0 if it is within the target top/left/bottom/right margins. 

• the third flag, aftcrjtop.maxgin, is I if the current dot is below the target top margin, and 0 if it is 
within ib& target top margin. 

A block diagram of the margin unit is shown in Figure 199. 

curr_Cne curr _pos 



top_margln 



bottom_jna rgtri' 



page_inargtn_y 




In^ge In^targeCpage after_top.margin 

Figure 199. Block diagram of margin unit 



righunutrgfn 



left.margfn 
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28.4.3.4 Dither matrix table interface 

The dither matrix table interface provides the interface to DRAM for the generation of dither cell values 
that are used in the halftoning process in the contone dotgen unit. The control flag dm_read_jsnable 
enables the reading of the dither matrix table line structure from DRAM. If dm__tead enable is 0. the 
dither matrix is not specified in DRAM and no DRAM accesses are attempted. The diAer matrix table 
mterface has an output flag dm^avail which specifies if the current line of the specified matrix is available. 
The HCU can be directed to stall when dmjavail is 0 by setting the appropriate bit in the HCU's Avail- 
Maslc or TMMasic registers. When dm^avail is 0 the value in the DitlterConstant register is used as the 
dither cell values that are output to the contone dotgen unit. 

The dither matrix table interface consists of a state machine that interfaces to the DRAM interface, a dither 
matrix buffer that provides dither matrix values, and a unit to generate the addresses for reading the buffer 
Figure 200 shows a block diagram of the dither matrix table interface. 



DIU 



advlrns — 

advdot — 
dm_lnl<„rfide)ec[0-3| — 
dmJwr.mdat-CfO^J — 
dRUupr_inde]<_G(0-3] — 
OoUbleUneBuf — 



dither matrix table Interface 



read 
address 
generator 



nl_adr_c0 ^ 
fd_adr_cl 6^ 



fd_adr_c2 ^ 
id_adr_c2 



dither matrix 
iMiffer unit 



oleto_writa ^ 










< ; 




state 




t 5> wr_adr 


machine 


* ; 









T 



■ starLdm_adf 
end.dm^adr 
Bnejncremem 

' dm_read.enabie 



• dittier.oonstafit 



q)0.dlther_val cp1_dither_val cp2_dither«val cp3.dlther_yal 



Figure 200. Block diagram of dither matrix table Interfece 

28.4.3.4.1 Dither matrix buffer 

The state machine loads dither matrix table data a line at a time from DRAM and stores it in a buffer A 
smgle Ime of the dither matrix is either 256 or 128 8-bit entries, depending on the programmable bit Dou- 
bleLincBuf. If this bit is enabled, a double-buffer mechanism is employed such that while one buffer is 
read from for the current line's dither matrix data (8 bits representing a single dither matrix entry), the 
other buffer is being written to with the next line's dither matrix data (64-bits at a time). Alternatively the 
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single buffer scheme can be used, where the data must be loaded at the end of the line, thus incurring a 
delay. 

The single/double buffer is implemented using a 256 byte 3-port register array, two reads, one write port, 
with the reads clocked at double the system clock rate (320MH2) allowing 4 reads per clock cycle. 

The dither matrix buffer unit also provides the mechanism for keeping track of the current read and write 
bufifers, and providing the mechanism such that a buffer cannot be read from until it has been written to. In 
this case, each buffer is a line of the dither matrix, i.e. 256 or 128 bytes. 

A bit is kept for the status of each dither matrix line buffer: buffiqvail[OJ and buff_avail[l]. It also keeps a 
single bit {rdjmff) for the current buffer that reads are to occur from, and a single bit {wr_buff) for the cur- 
rent buffer that writes are to occur to. The output value dm^avaii equals bujffi_avail[rdjniffj. The output 
value okjo^write equals bufjavail[wrjmff]> Note that when using a single line buffer, buff_avail[l] is 
not used. 

The read addresses are byte aligned. A single dither matrix entry is represented by 8 bits and an entry is 
read for each of the four contone planes in parallel. When a advline pidse is received, huff_avail[rdjmg] 
is cleared, and rdjmff \s inverted (if using a double line buffer). 

Data is written, 64 bits at a time to the current write buffer when diujtcu^rvalid is asserted. When WrAdr 
is Ox IF and diu_hcu_rvalid is 1, buff_avail[wrjbuffl is set, and wrjbuffis inverted (if using a double line 
buffer). This indicates that a line of dither matrix has been written to the cuirent write buffer and it is now 
available to be read 

28.4.3.4.2 Read address generator 

For each contone plane there is a initial, lower and upper index to be used when reading dither cell values 
fix>m the dither matrix double buffer. The read address for each plane is used to select a byte from the cur- 
rent 256-byte read buffer. When Co gets set (O'to I transition), or at the end of a line, the read addresses 
are set to their corresponding initial index. Otherwise, the read address generator relies on advdot to 
advance the addresses within the inclusive range specified the lower and upper indices, represented by the 
following pseudocode: 

if (advdot «« 1) then 

if (advline i) then 

rd^Adr « dn^_init_index 
els if (r4.«dr == dnuupr_index) then 

rd^adr » dn\_lwr_inde3C 
else 

rd_adr 

else 

rd_«dr = rd_«dr 

28.4.3.4.3 State machine 

The dither matrix is read from DRAM in single 256-bit accesses, receiving the data from the DIU over 4 
clock cycles (64-bits per cyc!e).The protocol and timing for read accesses to DRAM is described in sec- 
tion 20.9.1 on page 208. Read accesses to DRAM are implemented by means of the state machine 
described in Figure 201. 

All coimters and flags should be cleared after reset or when Co transitions from 0 to 1. While the Co bit is 
1 . the state machine relies on the dm^read_enable bit to tell it whether to attempt to read dither matrix data 
from DRAM. When dm_readjsnable is clear, the state machine does nothing and remains in the idle state. 
When dm_read_enable is set, the state machine continues to load dither matrix data, 256-bits at a time 
(received over 4 clock cycles, 64 bits per cycle), while there is space available in the dither matrix buffer. 
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The read address and line^tartjadr are initially set to starx_dmjjdr. The read address gets incremented 
after each read access. It takes 4 or 8 read accesses to load a line of dither niatrix into the dither matrix 
buffer, depending on whether we're using a single or double buffer. A count is kept of the accesses to 
DRAM. When a read access completes and aecessjcount equals 3 or 7, a line of dither matrix has just 
been loaded from and the read address is updated io line jstart_adr plus linejncrement so it points to the 
start of the next line of dither matrix. (Jine^tartjadr is also updated to this value). If the read address 
equals endjimjidr then the next read address will be start_dm_adr^ thus the read address wraps to point 
to the start of the area in DRAM where the dither matrix is stored. 

The write, address for the dither matrix buffer is implemented by means of a modulo-32 counter that is ini- 
tially set to 0 and incremented when diujicu_rvalid\s asserted. 
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Reset OR orst n n 
hcu.dJu.rreq q 0 
ttcu.dlu_mdr « 0 
access.couni s o 



hcu_<llu!.rreq = 



hcu_dlu.radr « hcu_diu_fadr 
acoess.coum » aooesaL.Gount 
wr_adr o wrjadr 



idle 



3 



TSq°°1 ANQ. 
dm rearf qnabta 1 
hcu_dJu_rraq « 0 
hcu.diu.radr « 8tan_din_adr 
Iin8_$tart^dr « 8lart.dm.adr 
aooass^oount « 0 
wr adr = 0 



dhj hcu fvaftd ^ 1 ANn 
. access cotjnt «xg 3/7 AND 
hcu dm radrfi»end dm adr 



hcu_dlu_rroq « 0 
hacdhj^radr = 8ne_8tart_adr -i- 
Ilne_jncr8ment 
RneL.8tart.adr « line.startjBdr 
nnejncrement 
aooasajDount » 0 
wr_adr ♦+ 



req 



c 



> 



ok to write 1 



hcu^dlu_rTeq « 1 
hcu_dJu_mdr « 0 
aooess_coufTt ° access_count 



ack 



c 



3 



dhj hcu rarfc 1 
hcu_dlu_rreq » 0 
hcu.dhj.radr e hcu_dIu.rBdr 
acces8.coufit a access.oount 
wr.adr a wr.adr 



read! 



dill hg» fvgBdr=.1 AMD 
access enunt l« a/7 ANQ 
hcu diu radr <« and dm adr 
hcu.diu.rreq <« 0 
iKxi.dlu.radr « hcu.diu_iadr 4. 1 
eoce3S.oount 
WT_adr 



C 



3 



diu hcu ffvfllld 1 
hcu_dju_rreq >■ 0 
hcu.diu^dr • hcu.dUi_radr 
access.count « aooess.oount 
wr_adr 



read2 



c 



diu hcu fValld ea 1 

hcu_diu_rreq « 0 
hciJ_<fiu_radr « hcu_dlu_radr 
acoess.eount « aocess.oount 
wT_adr-M- 



reads 



x: 



3 



dju hcu fvatM^l 
hcu.diu_rreq b q 
hctJ_diu_radr « hcu_dlu_radr 
access^cotmt « aooess.oount 
wrjadr 



read4 



> 



diu hcu rvafidi 



hcu dfu ndrz 



end di 



dm adr 



hcu^diu^rreq « O 
hcu_dlu_fadr « 6tart_dm_adr 
Iine_start.adr « starcdin^dr 
aooessuoount B O 
%w.adr -M. 



Figure 201. State machine to read dither matrix table 
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28.4.4 Contone dotgen unit 

The contone dotgen unit is responsible for producing a dot in up to 4 color planes per cycle. The contone 
dotgen unit also produces a cpjavail flag which specifies whether or not contone pixels are currently avail- 
able, and the output hcujcfit^advdot to request the CFU to provide the next contone pixel in up to 4 color 
planes. 

I The block diagram for the contone dotgen unit is shown in Figure 202. 



hcu.chi.advdot 



2 



S 
o 



cfu_hcu^cOdata 



cfu„hcu_ctdata 



cfu_hcu.c2daia 



cfujhcu,c3ciata 



cfu^cu.avail 



contone dotgen unit 



8 

7^ 



cpO_coostant 



7^ 



dither unit 0 



cp1 —Constant ^ ^ 



dither unit 1 



cp2_oonstant ^ 



dither unit 2 



cp3_constam^ ^ 



dither unit 3 



32^ 



' advdot 

- in_taroet_page 



> cpOdol 
- qiOj(fi(her_vBl 



cpl dot 
- q)1_dither_val 



> Gp2dot 
- op^dither.val 



> Gp3dot 
- cp3_(Slher_v8l 



3j(0-3)joonstant 
cpjavaH 



Rgure 202. Contone dotgen unit 

A dither unit provides the functionality for dithering a single contone plane. The contone image is only . 
defined within the contone/spot margin area. As a result, if the input flag injtargfit_page is 0, then a con- 
stant contone pixel value is used for the pixel instead of the contone plane. 

The resultant contone pixel is then halftoned. The dither value to be used in the halftoning process is pro- 
vided by the control data unit The halftoning process involves a comparison between a pixel value and its 
corresponding dither value. If the 8-bit contone value is greater than or equal to the 8-bit dither matrix 
value a 1 is output. If not. then a 0 is output This means each entry in the dither matrix is in the range 1- 
255 (0 is not used). 



Doc: SoPEC_hardwar8_design S3 Proprietary Document 29 Nov 2002 

Version: 2.3 Page 443 




SoPEC : Hardware Design 



28.4.5 Spot dotgen unit 

The spot dotgen unit is responsible for producing a dot of bi-level data per cycle. It deals with bi-level data 
(and therefore does not need to halftone) that comes from the LBD via the SFU. Like the contone laycr» 
the bi-level spot layer is only defined within the contone/spot margin area. As a result, if input flag 
injtarget^ge is 0, then a constant dot value (typically this would be 0) is used for the output dot. 

The spot dotgen unit also produces a s_avaii flag which specifies whether or not spot dots are currently 
available for this spot plane, and the output kcu^Jujadvdot to request the SFU to provide the next bi-level 
data value. The spot dotgen unit can be represented by the following pseudocode: 

s_a va lias f u_hc u_a va i 1 

if <in_target_page == 1 AND advdot == 1) then 

hcu^afu_advdot = 1 
else 

hcu_8£u.advdot = 0 

if ( ir^target:_page 1) then 

sp = sfu.hcu^sdata 
else 

sp B sp.constant 

28.4.6 Tag dotgen unit 

This unit is very similar to the spot dotgen unit (see Section 28.4.5) in that it deals with bi-lcvel data, in 
this case from the TE via the TFU. The tag layer is only defined within the tag margin area. As a result, if 
input flag injiag^ttirget^a^ is 0, then a constant dot value, tp^consttmt (typically this would be 0), is 
used for the output dot The tagplane dotgen unit also produces a tp^avail flag which specifies whether or 
not tag dots are currently available for the tagplane, and the output hcujfii^advdot to request the TFU to 
provide the next bi-levcl data value. 

Dot reorg unit 

The dot reorg unit provides a means of moping the bi-level dithered data, the spbtO color, and the tag data 
to output inks in the actual printhead. Each dot reotg unit takes a set of 6 1 -bit inputs and produces a single 
bit output that represents the output dot for that color plane. 

The output bit is a logical combination of any or all of the input bits. This allows the spot color to be 
placed in any output color plane (including infirared for testing puiposes). black to be merged into cyan, 
magenta and yellow (in the case of no black ink in the Memjet printhead), and tag dot data to be placed in 
a visible plane. An outpiit for fixative can readily be generated by simply combining desired input bits. 

The dot reorg imit contains a 64-bit lookup to allow complete freedom with regards to mapping. Since all 
possible combinations of input bits are accounted for in the 64 bit lookup, a given dot reoi^g unit can take 
the mapping of other reorg um'ts into account. For example, a black plane reorg unit may produce a I only 
if the contone plane 3 or spot color inputs are set (tliis effectively composites black bi-level over the con- 
tone). A fixative reoig unit may generate a 1 if any 2 of the output color planes is set (taking into account 
the nu^ings produced by the other reorg units). 

If dead nozzle replacement is to be used (see section 29.4.2 on page 448), the dot reorg can be pro- 
grammed to direct the dots of the specified color into the main plane, and 0 into the other. If a nozzle is 
then marked as dead in the DNC, swapping the bits between the planes will result in 0 in the dead nozzle, 
and the required data in the other plane. 

If dead nozzle replacement is to be used, and there arc no tags, the TE can be programmed with the posi- 
tion of dead nozzles and the resultant pattern used to direct dots into the specified nozzle row. If only fixed 
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background TFS is to be used, a limited number of nozzles can be replaced If variable tag data is to be 
used to specify dead nozzles, then large numbers of dead nozzles can be readily compensated for. 
The dot reoig unit can be used to average out the nozzle usage when two rows of nozzles shai^ the same 
ink and tag encoding is not being used The TE can be programmed to produce a regular pattern (e.g. 0101 
on one line, and 1 01 0 on the next) and this pattern can be used as a directive as to direct dots into the spec- 
ified nozzle row. 

Each reorg unit contains a 64-bit lOMapping value programmable as two 32-bit HCU registers, and a set 
of selection logic based on the 6-bit dot input (2^ = 64 bits), as shown in Figure 203. 

Input dot 




Rgure 203. Block diagram of dot reorg unit 
The mq)ping of input bits to each of the 6 selection bits is as defined in Table 145. 
Table 145. Mapping of input bits to 6 selection bits 
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tN-levei dot frotn contone layer 0 
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bl-tevel dot from contone layer 1 


magenta 
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bMevel dot from contone layer 2 


ye flow 
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t)Hevel dot from contone layer 3 


black 
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bMevef spotO dot 


black 
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bl-level tag dot 


infra-red 
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29 Dead Nozzle Compensator (DNC) 

29.1 Overview 

The Dead Nozzle Compensator (DNC) is responsible for adjusting Memjet dot data to take account of 
non-ftinctioning nozzles in the Memjet printfaead. Input dot data is supplied from the HCU, and the cor- 
rected dot data is passed out to the DWU. The high level data path is shown by the block diagram in Figure 
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Figure 204. High lovel block diagram of DNC 



The DNC compensates for a dead nozzles by perfoiming the following operations: 

• Dead nozzle removal, i.e. turn the nozzle off 

• Ink replacement by direct substitution i.e. K K 

• Ink replacement by indirect substitution i.e. K->CMY 

• Error diffusion to adjacent nozzles 

• Fixative corrections 

The DNC is required to efficiently support up to 5% dead nozzles, under the expected DRAM bandwidth 
allocation, with no restriction on where dead nozzles are located and handle any fixative correction due to 
nozzle compensations. Performance must degrade graceftilly after 5% dead nozzles. 

29.2 Dead nozzle identification 

Dead nozzles are identified by means of a position value and a mask value. Position information is repre- 
sented by a 10-bit delta encoded format, where the 10-bit value defines the number of dots between dead 
nozzle columns^ With the delta information it also reads the 6-bit dead nozzle mask {dn_mask) for the 
defined dead nozzle position. Each bit in the dn^mask corresponds to an ink plane. A set bit indicates that 
the nozzle for the corresponding ink plane is dead. The dead nozzle table format is shown in Figure 205, 
The DNC reads dead nozzle information from DRAM in single 256-bit accesses. A 10-bit delta encoding 
scheme is chosen so that each table entry is 16 bits wide, and 16 entries fit exactly in each 256-bit read. 
Using 10-bit delta encoding means that the maximum distance between dead nozzle colunms is 1023 dots. 
It is possible that dead nozzles may be spaced further than 1023 dots from each other, so a null dead nozzle 
identifier is required. A null dead nozzle identifier is defined as a 6-bit dn^mask of all zeros. These null 
dead nozzle identifiers should also be used so that: 

• the dead nozzle table is a multiple of 16 entries (so that it is aligned to the 256-bit DRAM locations) 



1 . for a 1 0-bit delta value of d, if the current column n is a dead nozzle column then the next dead nozzle column is given by /» ■♦• (rf + 1). 
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Si 



• the dead nozzle table spans the complete length of the line, i.e. the first entry dead nozzle table should 
have a delta from the first nozzle column in a line and the last entry in the dead nozzle table should cor- 
respond to the last nozzle column in a line. 

Note that the DNC deals with the width of a page. This may or may not be the same as the width of the 
printhead (the PHI may introduce some margining to the page so that its dot output matches the width of 
the printhead). Care must be taken when progranuning the dead nozzle table so that dead nozzle positions 
are correctly specified with respect to the page and printhead 



16 bits wide 



N dead nozzle 
columns 



Table Entry Structure 




ICMjit Derta Enoxte 



6-bUOnMask 



bits 15-6 



bilsS-O 



Figure 205. Dead nozzle table fomiat 



29.3 DRAM STORAGE AND BANDWIDTH REQUIREMENT 

The memory required is largely a factor of the number of dead nozzles present in the printhead (which in 
turn is a factor of the printhead size). The DNC is required to read a 1 6-bit entry from the dead nozzle table 
for every dead nozzle. Table 146 shows the DRAM storage and average^ bandwidth requirements for the 
DNC for different percentages of dead nozzles and different page sizes. 

Table 146. Dead Nozzle storage and average bandwidth requirements 



y~pf^^^{f^*;p j ^^^^^^^ 








Memory 
(KBytes) 


Bandwidth 
(bitsAcyde) 




5% 


1.4« 


0.tf* 


10% 


2,7 


1.6 


15% 


4,1 


2.4 


A3«» 


5% 


1.9 


0.6 


10% 


3^ 


1.6 


15% 


5.7 


2.4 



a. Bi-lithic printhead has 13824 nozzles per color providing full bleed printing for A4/Letcer 

b. Bi-lithic printhead has 19488 nozzles per color providing full bleed printing for A3 



1 . Average bandwidth a^umes an even spread of dead nozzles. Cliunps of dead nozzles may cause delays due to insufficient available 
DRAM bandwidth. These delays will occur every line causing an acciunulativc delay over a page. 
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c. 16 bits X 13824 nozzles x O.OS dead 

d. (16 bits lead / 20 cycles) = 0.8 bits/cycle 



29.4 



Nozzle compensation 



DNC receives 6 bits of dot infonnation every cycle from the HCU, 1 bit per color plane. When the dot 
position corresponds to a dead nozzle column, the associated 6-bit dn_mask indicates which ink plane(s) 
contains a dead nozzle(s). The DNC first deletes dots destined for the dead nozzle. It then replaces those 
dead dots, either by placing the data destined for the dead nozzle into an adjacent ink plane (direct substi- 
tution) or into a number of ink planes (indirect substitution). After ink replacement, if a dead nozzle is 
made active again then the DNC performs error diffusion. Finally, following the dead nozzle compensa- 
tion mechanisms the fixative, if present, may need to be adjusted due to new nozzles being activated, or 
dead nozzles being removed. 



If a nozzle is defined as dead, then the first action for the DNC is to turn off (zeroing) the dot data destined 
for that nozzle. This is done by a bit-wise ANDing of the inverse of the dn^mask with the dot value. 



Ink replacement is a mechanism where data destined for the dead nozzle is placed into an adjacent ink 
plane of the same color (direct substiiurion, i.e. K -> K^tcmativc)' or placed into a number of ink planes, the 
combination of which produces the desired color (indirect substitution, i.e. K -> CMY). Ink replacement is 
performed by filtering out ink beloxiging to nozzles that are dead and then adding back in an appropriately 
calculated pattern. This two step process allows the optional te-incltision of the ink data into the original 
dead nozzle position to be subsequently error diffused. In tiie general case, fixative data destined for a dead 
nozzle should not be left active intending it to be later diffused. 

The ink replacement mechanism has 6 ink replacement patterns, one per ink plane, programmable by the 
CPU. The dead nozzle mask is ANDed with the dot data to see if there are any planes where the dot is 
active but the corresponding nozzle is dead. The resultant value forms an enable, on a per ink basis, for the 
ink replacement process. If replacement is enabled for a particular ink, the values fi-om the corresponding 
replacement pattern register are ORed into the dot data. The output of the ink replacement process is then 
filtered so that error diffusion is only allowed for the planes in which error diffusion is enabled. The output 
of the ink replacement logic is ORed with the restdtant dot after dead nozzle removal. See Figure 210 on 
page 459 for implementation details. 

For example if we consider the printhead color configuration C,M,Y,K|,K2,IR and the input dot data from 
the HCU is blOl 100. Assuming that the Kj ink plane. and IR ink plane for this position are dead so the 
dead nozzle mask is bOOOlOl. The DNC first removes the dead nozzle by zeroing the Ki plane to produce 
b 101 000. Then the dead nozzle mask is ANDed with the dot data to give bOOOlOO which selects the ink 
replacement pattern for Ki (in this case the ink replacement pattern for is configured as bOOOOlO, i.e. 
ink replacement into the K2 plane). Providing error diffusion for IC2 is enabled, the output from the ink 
replacement process is bOOOOlO. This is ORed with the output of dead nozzle removal to produce the 
resultant dot blOlOlO. As can be seen the dot data in the defective Kj nozzle was removed and replaced by 
a dot in the adjacent K2 nozzle in the same dot position, i.e. direct substitution. 

In the example above the Kj ink plane could be compensated for by indirect substitution, in which case ink 
replacement pattern for K| would be configured as bl 1 1000 (substitution into the CMY color planes), and 
this is ORed with the output of dead nozzle removal to produce the resultant dot b 11 1000. Here the dot 
data in the defective K| ink plane was removed and placed into the CMY ink planes. 



29.4.1 



Dead nozzle removal 



29.4«2 Ink replacement 
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29.4.3 Error diffusion 



Based on the programming of the lookup table the dead nozzle may be left active after ink replacement. In 
such cases the DNC can compensate using error diffusion. Error diffusion is a mechanism where dead noz- 
zle dot data is diffused to adjacent dots. 

When a dot is active and its destined nozzle is dead, the DNC will attempt to place the data into an adja- 
cent dot position, if one is inactive. If both dots are inactive then the choice is arbitrary, and is determined 
by a pscudo random bit generator. If both neighbor dots are already active then the bit cannot be compen- 
sated by diffusion. 

Since the DNC needs to look at neighboring dots to determine where to place the new bit (if required), the 
DNC works on a set of 3 dots at a time. For any given set of 3 dots, the first dot received fi-om the HCU is 
referred to as dot A, and the second as dot B, and the third as dot C. The relationship is shown in Fieure 
206. 



dotA 



dots 



dote 



directfon of dot movement 



Figure 206. Set of dots operated on for error diffusion 



For any given set of dots ABC, only B can be compensated for by error diffusion if B is defined as dead. A 
1 in dot B will be diffused into cither dot A or dot C if possible. If there is already a 1 in dot A or dot C 
then a 1 in dot B cannot be diffused into that dot. 

The DNC must support adjacent dead nozzles. Thus if dot A is defined as dead and has previously been 
compensated for by error diffusion, then the dot data fit)m dot B should not be diflRiscd into dot A, Simi- 
larly, if dot C is defined as dead, then dot data firom dot B should not be diffused into dot C. 

Error diffusion should not cross line boundaries. If dot B contains a dead nozzle and is the first dot in a line 
then dot A represents the last dot from the previous line. In this case an active bit on a dead nozzle of dot B 
should not be diffused into dot A. Similarly, if dot B contains a dead nozzle and is the last dot in a line then 
dot C represents the first dot of the next line. In this case an active bit on a dead nozzle of dot B should not 
be diffused into dot C. 

Thus, as a rule, a 1 in dot B caimot be diffused into dot A if 

• a 1 is already present in dot A, 

• dot A is defined as dead, 

• or dot A is the last dot in a line. 

Similarly, a 1 in dot B cannot be diffused into dot C if 

• a 1 is already present in dot C, 

• dot C is defined as dead, 

• or dot C is the first dot in a line. 

If B is defined to be dead and the dot value for B is 0, then no compensation needs to be done and dots A 

and C do not need to be changed. 

If B is defined to be dead and the dot value for B is 1 , then B is changed to 0 and the DNC attempts to 
place the 1 from B into either A or C: 

• If the dot can be placed into both A and C, then the DNC must choose between them. The preference is 
given by the current output from the random bit generator, 0 for "prefer left" (dot A) or 1 for "prefer 
right" (dot C). 
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• If dot can be placed into only one of A and C, then the 1 from B is placed into that position. 

• If dot cannot be placed into either one of A or C, then the DNC cannot place the dot in either position. 
Table 147 shows the truth table for DNC error diffusion operation when dot B is defined as dead. 



Tabte 147. Error Diffusion Truth Table when dot B Is dead 




A input 



A input 



A Input 



A input 



A input 



A input 



A Input 



CInput 



C input 



C input 



1 



C input 



C input 



C input 



C Input 



^ a. Output from random bit generator. Determines direction of error diffusion (0 = lefr, I = right) 

b. Bold emphasis is used to show the DNC inserted a 1 

The random bit valine used to arbitrarily select the direction of diffusion is generated by a 32-bit maximum 
length random bit generator. The generator generates a new bit for each dot in a line regardless of whether 
the dot is dead or not. The random bit generator can be initialized with a 32-bit programmable seed value. 



29.4.4 Fixative correction 



After the dead nozzle compensation methods have been applied to the dot data, the fixative, if present, may 
need to be adjusted due to new nozzles being activated, or dead nozzles being removed. For each output 
dot the DNC determines if fixative is required (using the FixativeRequiredMask register) for the new com- 
pensated dot data word and whether fixative is activated already for that dot. For the DNC to do so it needs 
to know the color plane that has fixative, this is specified by the FixattveMaskl configuration register. 
Table 148 indicates the actions to take based on these calculations. 

Table 148. Truth table for fixative correction 









t 


1 


Output dot as is. 


1 


0 


Clear fixative plane. 


0 


1 


Attempt to add fixative. 


0 


0 


Output dot as Is. 



The DNC also allows the specification of another fixative plane, specified by the FixativeMask2 configura- 
tion register, with FixativeMaskI having the higher priority over FixativeMask2. When attempting to add 
fixative the DNC first tries to add it into the planes defined by FixativeMaskI. However, if any of these 
planes is dead then it tries to add fixative by placing it into the planes defined by FixativeMask2, 
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Note that the fixative defined by FixaeiveMaskJ and FixativeMask2 could possibly be multi-part fixative, 
i.e. 2 bits could be set in FixativeMaskl with the fixative being a combination of both inks. 



\ 



I — ■ !■ ■ I II.- — 
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29.5 Implementation 

A block diagram of the DNC is shown in Figure 207. 
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Figure 207. Block diagram of DNC 
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29.5.1 Definitions of I/O 



Table 149. DNC port Nst and description 











docks and Resets 




pdk 


1 


In 


System Clock. 


prst.n 


1 


In 


System reset, synchronous active low. 


PCU Interface 


pcu_dnc_8el 


1 


In 


Block select from the PCU, When pcu_dnc_,seilB high both 
pCLcadrand pcu^dataout are vafld. 


pcu_rwn 


1 


In 


Common read/not-write signaJ from the PCU. 


pcu_adr[6:2] 


5 


In 


PCU address bus. Only 5 bits are required to decode the 
address space lor this block. 


pcu.dataout(31K)] 


32 


In 


Shared write data bus from the PCU. 


dncj)cu_fdy 


1 


Out 


Ready signal to the PCU. When druuKu^nty is high it indi- 
cates the last cycle of the access. For a write cyde this 
means pcu_dataouthas been registered by the block and for 
a read cyde this means the data on dnp^pcu^fiata Is valid. 


dnc.jx:u_data[31 :0) 


32 


Out 


Read data txis to the PCU. 


DIU Interface 


dnc_diu_freq 


1 


Out 


DNC unit requests DRAM read. A read request nust be 
acoompanied by a valkf read address. 


dnc„d1u.radit21:5} 


17 


Out 


Read address to DIU. 256^(t word aligned. 


diu.dnc_rack 


1 


In 


Acknowledge from DIU that read request has been accepted 
and new read address can be placed on dncjdiu_ra0r 


diu^dnc.rvatld 


1 


In 


Read data vaHd. active high. Indicates that valM read data Is 
now on the read data bus, diujdata. 


diu_data[63:0j 


64 


In 


Read data from DIU. 


HCU interface 


dnc_hcu_ready 


1 


Out 


Indicates that DNC Is ready to accept data from the HCU. 


hcu_dnc_avan 


1 


In 


liKitcates vaDd data present on hcujdnc_datSL 


hcu.dnc_data[5:0] 


6 


In 


Output bl-level dot data in 6 ink planes. 


DWU interface 


dwu_dnc_ready 


1 


In 


Indicates that DWU is ready to accept data from the DNC. 


dnQ_dwu_avail 


1 


Out 


Indk^ates vaifd data present on <inc^dwu_<iatSL 


dnc_dwu.data[5:0] 


6 


Out 


Output t)i-level dot data in 6 ink planes. 



29.5.2 Conffguratlon registers 

The configuration registers in the DNC arc programmed via the PCU interface. Refer to section 21.8.2 on 
page 257 for the description of the protocol and timing diagrams for reading and writing registers in the 
DNC. Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register reads 
and writes, the lower 2 bits of the PCU address bus are not required to decode the address space for the 
DNC. When reading a register that is less than 32 bits wide zeros should be returned on the upper unused 
bit(s) of dnc_pcu^data. Table 150 lists the configuration registers in the DNC. 
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Table 150. DNC configuration registers 











Control registers 


0x00 


Reset 


1 


0x1 


A write to this register causes a reset of the 
DNC. 


0x04 


Go 


1 


0x0 


Writing 1 to this register starts the DNC. Writing 
0 to this register halts the DNC. 
When Go Is asserted ail counters, flags etc. are 
cleared or given their initial value, but configura- 
tion registers keep their values. 
When Go Is deasserled the state-machines go 
to their idle states but all counters and configu- 
ration registers keep their values. 
This register can be read to determine If the 
DNC Is running 
(1 = running. 0 = stopped). 


Setup registers (constant during processing) 


0x10 


MaxOot 


16 


0x0000 


This is the niaximunn dot number - 1 present 
across a page. For example if a page contains 
13824 dots, then AfaxDof will be 13823. 
Note that this number may or may not be the 
same as the number of dots across the print- 
head as some margining may be introduced in 
the PHI. 


0x14 


LSFR 


32 


0x0000^ 
0000 


The current value of the Li^SR register used as 
the 32-bit maximum length random bit genera- 
tor. 

Users can write to this register to program a 
seed value for the 32-bit maximum length ran- 
dom bit generator. Must not be all Is for taps 
implemented in XNOR form. (It is expected that 
writing a seed value will not occur during the 
operation of the LFSR). 

This LSFR value coukJ also have a possible use 
as a random source in program code. 










0x20 


FixativeMaskI 


6 


0x00 


Defines the higher priority fixative ptane(s). Bit 0 

represents the settings for plane 0. bit 1 for 

plane 1 etc. For each bit 

1 = the ink plane contains fixative. 

0 = the ink plane does not contain fixative. 


0x24 


RxativeMask2 


6 


0x00 


Defines the lower priority ffocative plane(s>. Bit 0 

represents the settings for plane 0. bit 1 for 

plane 1 etc. Used only when FbtatlveMaskl 

planes are dead. For each bit 

1 = the Ink plane contains fixative. 

0 = the ink plane does not contain fixative. 


0x28 


FixativeRequiredMask 


6 


0x00 


Identifies the ink planes tiiat require fixative. Bit 

0 represents the settings for plane 0, bit 1 for 
plane 1 etc. For each bit: 

1 B the ink plane requires fixative. 

0 s tiie ink plane does not require fixative (e.g. 
ink is self-fixing) 
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Table 150. DNC configuration registers 







Pi 






0x30 


DnTableStartAdr 


17 


0x0^0000 


Stan address of Dead Nozzle Tabfe in DIRAM. 
specified in 256-blt words. 


0x34 


DnTableEndAdr 


17 


0x0.0000 


End address of Dead Nozzto Table in DRAM, 
specified In 256-bit words. Ke. the location con* 
tarning the last entry in the Dead Nozzle Table. 
The Dead Nozzle Table should be aligned to a 
256-bit boundary, If necessary it can be padded 
wtth null entries. 


0x40 * 0x54 


Plane Replace Pat- 
terri(5:0] 


6x6 


0x00 


Defines the ink replacement pattern for each of 
the 6 ink planes. P{aneReplacePattem[0] l& the 
ink replacement pattern for plane 0. PlaneRe- 
placePattBmflJls the ink replacement pattern 
for plane I.etc 

For each 6-bit replacement pattern for a plane* 
a 1 in any bit positiona indicates the alternative 
Ink planes to be used for this plane. 


0x56 


Diffuse Enable 


6 


Ox3F 


Defines wfiether, after ink replacement, error 
diffusfon is cUlowed to be performed on each 
plane. 

Bit 0 represents the settings for plane 0, bit 1 for 
plane 1 etc. For each bit 
1 e error diffusion is enabled 
0 8 error diffusion is disabled 


Debug registers { 


read on^) 


0x60 


DncOutputDebug 


8 


N/A 


8it 7 s ctwu^dnc^ready 
Bit 6 a dne^dwu^avaH 
Bits 5-0 s c/nc_dwu^<iata 


0x64 


DncReplaoeDebug 


14 


N/A 


Bit 13 = edu^ready 
BH 12 = irv^avail 
Bits 11-6 a in4_€tn^mask 
Bits 5-0 s irvjdata 


0x68 


DncDIffiiseDebug 


14 


N/A 


Bit 13 a dwu_dnQ_ready 
Bit 12 s dnc^dwu^avait 
Bits 11-6 = edu_jdn_mask 
Bits 5-0 <s edu_data 
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S3 



29.5.3 Ink replacement unit 

Figure 208 shows a sub-block diagram for the ink replacement unit 
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Figure 208. Sub-block diagram of ink replacement unit 



29.5.3. f Control unit 



The control unit is responsible for reading the dead nozzle table from DRAM and making it available to 
the DNC via the dead nozzle FIFO. The dead nozzle table is read from DRAM in single 256-bit accesses, 
receiviAg the data from the DIU over 4 clock cycles (64-bits per cycle). The protocol and timing for read 
accesses to DRAM is described in section 20.9.1 on page 208. Reading from DRAM is implemented by 

means of the state machine shown in Figure 209. 

All counters and flags should be cleared after reset. When Go transitions from 0 to 1 all counters and flags 
should take their initial value. While the Go bit is 1 , the state machine requests a read access from the dead 
nozzle table in DRAM provided there is enough space in its FIFO. 

A modulo-4 counter, rd^count, is used to count each of the 64-bits received in a 256-bit read access. It is 
incremented whenever diu_dnc_rvalid is asserted. When is 1, dnjtable^radr is set to 
dn_table_^tart_adr. As each 64-bit value is returned, indicated by diu^dnc^rvalid being asserted, 
dnjtable^radr is compared to dn_table^end_adn 

• lfrd_coimt equals 3 and dnjtable^radr equals dnjtable_end_adr^ then dnjtable^adr is updated to 
dnjCable^tart^adr. 

• If ni_count equals 3 and dnjtable^radr does not equal dnjtablejend^adr^ then dn_table_radr is incre- 
mented by 1 . . 

A count is kept of the number of 64-bit values in the FIFO. When diu_dnc_rvaUd is 1 data is written to the 
FIFO by asserting wrjsn^ and fifojoontents and fifo_wr_adr are both incremented. 
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V/hcn Jifo^contentsf3:0J is greater than 0 and edu_ready is I, dnc_hcu_ready is asserted to indicate that 
the DNC is ready to accept dots from the HCU. If kcu_dnc^avail is also 1 then a dotadv pulse is sent to the 
GenMask unit, indicating the DNC has accepted a dot from the HCU, and iru_avail is also asserted. After 
Co is set, a single preload pulse is sent to the GenMask unit once the FIFO contains data. 

When a rd^adv pulse is received from the GenMask \xsai,fifo_rd_adr[4:0] is then incremented to select 
the next 16-bit value. If fifo_rd_adr [1:0] = 11 tficn the next 64-bit value is read from the FIFO by asserting 
rd^en, and fifo_contents[3:0] is decremented. 



dn tablft padfl^dn table and urir 



dri_table. 



lc_fTeq « 0 



_ «c_fTcq « 0 
dn.tabla_mdr = 0 
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Figure 209. Dead nozzle table, state machine 



29.5.3,2 Dead nozzle FIFO 

The dead nozzle FIFO conceptually is a 64-bit input, and 16-bit output FIFO to account for the 64*bit data 
transfers from the DIU, and ttxe individual 16-bit entries in the dead nozzle table that are used in the Gen* 
Mask unit In reality, the FIFO is actually 8 entries deep and 64-bit$ wide (to accommodate two 256-bit 
accesses). 

On the DRAM side of the FIFO the write address is 64-bit aligned while on the GenMask side the read 
address is 1 6-bit aligned, i.e. the upper 3 bits are input as the read address for the FIFO and the lower 2 bits 



Doc: SoPEC.hardware.desfgn 
Version: 2.3 



S3 Proprietary Document 



Nov 2002 

Page 457 



SoPEC : Hardware Design 



are used to select 16 bits from the 64 bits (1st 16 bits read corresponds to bits 1 5-0, second 16 bits to bits 
3 1-16 etc.). 

29.5.3.3 GenMaskunit 

The GenMask unit generates the 6-bit dn_mask that is sent to the replace unit. It consists of a 10-bit delta 
counter and a mask register. 

After Go is set, the GenMask unit will receive a preload pulse from the control unit indicating the first 
dead nozzle table entry is available at the output of the dead nozzle FIFO and should be loaded into the 
delta counter and mask register. A rd_<idv pulse is generated so that the next dead nozzle table entry is pre- 
sented at the output of the dead nozzle FIFO. The delta counter is decremented every time a dotadv pulse 
is received. When the delta counter reaches 0, it gets loaded with the current delta value output from the 
dead nozzle FIFO, i.e. bits 15-6, and die mask register gets loaded with mask output from the dead nozzle 
FIFO, i.e. bits 5-0. A rdjadv pulse is then generated so that the next dead nozzle table entry is presented at 
the output of the dead nozzle FIFO. 

When the delta counter is 0 the value in the mask register is output as the dn^masky otherwise the dn^ask 
is all Os. 

The GenMask unit has no knowledge of the number of dots in a line, it simply loads a counter to count die 
delta from one dead nozzle column to the next. Thus as described in section 29.2 on page 446 the dead 
nozzle table should include null identifiers if necessary so that the dead nozzle table covers the first and 
last nozzle column in a line. 

29.5.3.4 Replace unit 

Dead nozzle removal and ink replacement are implemented by the combinatorial logic shown in Figure 
210. Dead nozzle removal is performed by bit-wise ANDing of the inverse of the dn_rnask with the dot 

value. 

The ink replacement mechanism has 6 ink replacement patterns, one per ink plane, programmable by the 
CPU. The dead nozzle mask is ANDed with the dot data to see if there are any planes where the dot is 
active but the coiresponding nozzle is dead. The resultant value forms an enable, on a per ink basis, for the 
ink replacement process. If replacement is enabled for a particular ink, the values from the corresponding 
replacement pattern register are ORed into the dot data. The output of the ink replacement process is then 
filtered so that error diffusion is only allowed for the planes in which error diffusion is enabled. 

The output of the ink replacement process is ORed with the resultant dot after dead nozzle removal. If the 
dot position does not contain a dead nozzle then the dnjmask will be all Os and the dot, hcu_dnc_data, will 
be passed through unchanged. 
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Figure 210. Logic for dead nozzle removal and Ink replacement 
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29.5.4 Error Diffusion Unit 

Figure 21 1 shows a sub-block diagram for the error diffusion unit. 
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edu.data 



4 randonuseed 



Figure 211. Sub-block diagram of error diffusion unit 



29.5.4,i Random Bit Generator 



The random bit value used to aibitrarily select the direction of diffusion is generated by a maximum length 
32-bit LFSR. The tap points and feedback generation are shown in Figure 212. The LFSR generates a hew 
bit for each dot in a line regardless of whether the dot is dead or not, i.e shifting of the LFSR is enabled 
when advdot equals I . The LFSR can be initialised with a 32-bit programmable seed value, random^seecL 
This seed value is loaded into the LFSR whenever a write occurs to the RandomSeed register Note that the 
seed value must not be all Is as this causes the LFSR to lock-up. 



H3l|30|29|2B|27|26|2s|24|23|22i2l|20tl9|l8|l7|l6|l5|l4|l^ 9Uh|6|s|4|3|2|l|o 




XNOR 



output 
bit 



Figure 212. Maximum length 32*bit LFSR used for random bit generation 



29.5.4.2 Advance Dot Unit 

The advance dot unit is responsible for determining in a given cycle whether or not the error diffuse tmit 
will accept a dot from the ink replacement unit or make a dot available to the fixative correct unit and on to 
the DWU. It therefore receives the dwu_dnc_ready control signal from the DWU, the iru^avail flag from 
the ink replacement unit, and generates dncjdwu_qvaU and edu_ready control flags. 

Only the dwu_dnc_ready signal needs to be checked to see if a dot can be accepted and asserts edu_ready 
to indicate this. If the error diffuse unit is ready to accept a dot and the ink replacement unit has a dot avail- 
able, then a advdot pulse is given to shift the dot into the pipeline in the diffuse unit. Note that since the 
error diffusion operates on 3 dots, the advance dot unit ignores dwu_dnc_ready initially until 3 dots have 
been accepted by the diffuse unit. Similarly dnc_dwu_avaii is not asserted until the difflise unit contains 3 
dots and the ink replacement unit has a dot available. 
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29.5.4.3 Diffuse Unit 

The diffuse unit contains the combinatorial logic to implement the truth table from Table 147. The diffuse 
unit receives a dot consisting of 6 color planes (I bit per plane) as well as an associated 6-bit dead nozzle 
mask value. 

Error diffusion is applied to all 6 planes of the dot in parallel. Since error diffusion operates on 3 dots, the 
diffuse imit has a pipeline of 3 dots and their corresponding dead nozzle mask values. The first dot 
received is referred to as dot A, and the second as dot B, and the third as dot C. Dots are shifted along the 
pipeline whenever advdot is 1. A count is also kept of the number of dots received [t is incremented when- 
ever a£/v</a/ is 1, and wraps to 0 when it reaches maxjdot When the dot count is 0 dot C corresponds to the 
first dot in a line. When the dot count is 1 dot A corresponds to the last dot in a line. 

In any given set of 3 dots only dot B can be defined as containing a dead nozzIe(s). Dead nozzles are iden- 
tified by bits set in iru_dn_mask. If dot B contains a dead nozzle(s), the corresponding bit(s) in dot A, dot 
C the dead nozzle mask value for A, the dead nozzle mask value for C, the dot count, as well as the ran- 
dom bit value are input to the truth table logic and the dots A, B and C assigned accordingly. If dot B does 
not contain a dead nozzle then the dots are shifted along the pipeline unchanged. 

29.5.5 Fixative Correction Unit 

The fixative correction unit consists of combinatorial logic to implement fixative correction as defined in 
Table 151. For each output dot the DNC determines if fixative is required for the new compensated dot 
data word and whether fixative is activated already for that dot. 

FixacivePresenc = ( (FixativeMaskl '\ FixativeMa8k2) & edu^data} != 0 
FlxativeRequired » (FixativeRequlredNask & edu.data) 1= o 

It then looks np the truth table to see what action, if any, needs to be taken. 



Table 1 51 . Truth table for fixative correction 











1 


1 


Output dot as Is. 


dnc.dwu.data s edu.data 


1 


0 


Clear fixative plane. 


dnc^dwu.data s (edu^data) & -{RxativeMaskI | RxativeMask2) 


0 


1 


Attempt to add fixa- 
tive. 


If (FixativeMaskl & DnMa8k)l==0 

dnc.dwu_data s (edu.data) | (Fixatlv«Mask2 & -DnMask) 
else 

dnc.dwu.data = (edu.data) | (FixativeMaskl) 


0 


0 


Output dot as is. 


dnc_dwu_data = edu.data 



When attempting to add fixative the DNC first tries to add.it into the plane defined by FixativeMaskl. 
However, if this plane is dead then it tries to add fixative by placing it into the plane defined by 
Fixativ€Mask2, Note that if both FixativeMaskl and FixativeMask2 are both all Os then the dot data will 
not be changed. 
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30 Dotline Writer Unit (DWU) 

30.1 Overview 

The Dotline Writer Utiit (DWU) receives 1 dot (6 bits) of color information per cycle from the DNC. Dot 
data received is bundled into 256-bit words and transferred to the DRAM. The DWU (in conjunction with 
the LLU) implements a dot line FIFO mechanism to compensate for the physical placement of nozzles in a 
printhead, and provides data rate smoothing to allow for local complexities in the dot data generate pipe- 
line. 



ORAM 
vfaOtU 



ONC 



dot data 



OWU 



dot data 



dot data 



au 



Rgure 213. High level data flow diagram of DWU in context 



30.2 Physical requirement imposed by the printhead 

The physical placement of nozzles in the printhead means that in one firing sequence of all nozzles, dots 
wUl be produced over several print lines. The printhead consists of 12 rows of nozzles, one for each color 
of odd and even dots. Odd and even nozzles are separated by D2 print lines and nozzles of different colors 
arc separated by Dj print lines. See Figure 214 for reference. The first color to be printed is the first row of 
nozzles encountered by the Incoming paper. In the example this is color 0 odd, although is dependent on 
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the pririthead type (see Section 35 Memjct Printhead for other printhead arrangments). Paper passes under 
printhead moving downwards. 



Type 0 printhead IC 
Color 5 Even — 
Color 5 Odd — 
Color 4 Even — 
Color40dd — 
Color 3 Even — 
Color 3 Odd — 
Color 2 Even — 
Color 2 Odd — 

- Color 1 Even — 
Colon Odd — 
Color 0 Even — 
ColorOOdd — 
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e - O - Q Q o o o 
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000 000000 

1 3 5 7^ 9^ n 1J 15 1 

0 0 0 
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00000000 0 — 
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000000000 

000000000 

OOQQOOOO — 



OOOQOOQ l Q 

000000000 
000000Q0 0- 

0 0 0 0 4 

Id 21 23 25 
0 0 0 



^©00 G — 

^27 29 31 33 35 



Type 1 printhead 10 



^ ^ 80 



80^ 



-Shift register Order 




tO^ S Unes 
^0^= 5 nnes 



Paper OliBctlon 



Note: Paper passes under printhead 

Figure 214. Printhead Nozzle Layout for conceptual 36 Nozzle bi-fithic printhead 

For example if the physical separation of each half row is SO^xm equating to D|=D2=5 print lines at 
1600dpi. This means that in one firing sequence, color 0 odd nozzles will fire on dotline L, color 0 even 
nozzles will fire on dotline L-Dg, color 1 odd nozzles will fire on dotline L-DpD2 and so on over 6 color 
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J3 



planes odd and even nozzles. The total number of lines fired over is given as 0+5+5 +5= 0 + 1 1x5 =55. 

See Figure 2 1 5 for example diagram. 
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m ^ 








m m 




m m 


m m !ll 1 




Paper Flow; 

Rgure 215* Paper and printhead nozzles relationship (exampre with 0^-0^=5) 

It is expected that the physical spacing of ithe printhead nozzles will be 80|xm (or 5 dot lines), although 
there is no dependency on nozzle spacing. The DWU is configurable to allow other line nozzle spacings. 



Table 1 52. Relationship between Nozzle color/sense and line firing 



Color 0 



Colorl 



Color 2 



Colors 



Color 4 



Colors 



senee 



odd 



odd 



odd 



odd 



odd 



odd 



Une 



L-10 



L-15 



L-20 



L-25 



L-30 



L-35 



L-40 



L-45 



L-50 
L-55 



even 



odd 



odd 



odd 



odd 



odd 



odd 



line 



L-5 



L-10 



L-25 



L-20 



L-3S 



L-30 



L-45 



L-40 



L-55 
L-50 



30.3 Line rate de-coupling 

The DWU block is required to compensate for the physical spacing between lines of nozzles. It does this 
by storing dot lines in a FIFO (in DRAM) until such time as they are required by the LLU for dot data 
transfer to the printhead interface. Colors are stored separately because they are needed at different times 
by the LLU. The dot line store must store enough lines to compensate for the physical line sq>aration of 
the printhead but can optionally store more lines to allow system level data rate variation between the read 
(printhead feed) and write sides (dot data generation pipeline) of the FIFOs. 
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A logical representation of the FIFOs is shown in Figure 216. where N is defined as the optional number of 
extra half lines in the dot line store for data rate de-coupling. 
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Color 5. Even RFO 



Color 4. Odd FIFO 



Color 4. Even FIFO 



Color3,OddRFO 



Color 3, Even RFO 



Color 2, Odd FIFO 



Color 2. Even RFO 



CoJor I.OddRFO 



Colon. Even RFO 



Color 0. Odd RFO 



DWU 
Write 
Side 



Color O, Even RFO | ^ 



J 



I Extra line store 



LLU 

Read 

Side 



Odd.Row Encountered First 



Color 5, Odd RFO 



Color 5, Even FIFO 



Color 4. Odd RFO 



Color 4, Even RFO 



Color 3, Odd RFO 



Colors. Even RFO 



Color 2. Odd RFO 



Color 2. Even RFO 



Color 1. Odd RFO 



Color 1. Even RFO 
Color 0, Odd RFO | ^ 



1± 



DWU 
Write 
Side 



Color O, Even RFO 



1^ 



^ ^-4- 



I Extra fine store D2 

Figure 216. Dot tine store logical representation 



30.4 Dot line store storage requirements 

For an arbitrary page width of d dots (where d is even), the number of dots per half line is d/2. 

For interline spacing of Dj and inter-color spacing of D|, widi C colors of odd and even half lines, the 
number of half line storage is (C - I) (D2+Dj) + Dl. 

For N extra half line stores for each color odd and even, the storage is given by (N * C * 2). 
The total storage requirement is ((C - 1) (D2+D1) + Dl + (N ♦ C ♦ 2)) • d/2 in bits. 
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Note that when determining the storage requirements for the dot line store, the number of dots per line is 
the page width and not necessarily the printhead width. The page width is often the dot margin number of 
dots less than the printhead width. They can be the same size for full bleed printing. 

For example in an A4 page a line consists of 13824 dots at 1600 dpi, or 6912 dots per half dot line. To 
store just enough dot lines to account for an inter-line nozzle spacing of 5 dot lines it would take 55 half 
dot lines for color 5 odd, 50 dot lines for color 5 even and so on, giving 55+50+45... l(H-5-K)= 330 half dot 
lines in total. If it is assumed that N=4 then the storage required to store 4 extra half lines per color is 4 x 
12=48, in total giving 330+48=378 half dot lines. Each half dot line is 6912 dots, at 1 bit per dot give a 
total storage requirement of 6912 dots x 378 half dot lines / 8 bits = Approx 319 Kbytes. Similarly for an 
A3 size page with 19488 dots per line, 9744 dots per half line x 378 half dot lines / 8 = >^piox 899 
Kbytes. 



Table 153. Storage requirement for dot line store 















A4 


4 


264 


223 


312 


263 




5 


330 


278 


378 


319 


A3 


4 


264 


628 


312 


742 




5 


330 


785 


378 


899 



The potential size of the dot line store makes it unfeasible to be implemented in on-chip SRAM, requiring 
the dot line store to be implemented in embedded DRAM. This allows a configurable dotline store where 
unused storage can be redistributed for use by other parts of the system. 



30,5 Local buffering 

An embedded DRAM is expected to be of the order of 256 bits wide, which results in 27 words per half 
line of an A4 page, and 54 words per half line of A3. This requires 27 words x 12 half colors (6 colore odd 
and even) «* 324 x 256-bit DRAM accesses over a dotline print time, equating to 6 bits per cycle (equal to 
DNC generate rate of 6 bits per cycle). Each half color is required to be double buffered, while filling one 
buffer the other buffer is being written to DRAM. This results in 256 bits x 2 buffers x 12 half colors i.e. 
6144 bits in total. 

The buffer requirement can be reduced, by using 1 .5 buffering, where the DWU is filling 1 28 bits while the 
remaining 256 bits are being written to DRAM, While this reduces the required buffering locally it 
increases the peak bandwidth requirement to the DRAM. With 2x buffering the average and peak DRAM 
bandwidth requirement is the same and is 6 bits per cycle, alternatively with 1.5x buffering the average 
DRAM bandwidth requirement is 6 bits per cycle but the peak bandwidth requirement is 12 bits per cycle. 
The amount of buffering used will depend on the DRAM bandwidth available to the DWU unit. 
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Figure 217. Comparison of I.Sx v 2x buffering 
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Shoxild the DWU fail to get the required DRAM access within the specified time, the DWU will stall the 
DNC data generation. This DWU will issue the stall in sufficient time for the DNC to respond and still not 
cause a FIFO ovemm. Should the stall persist for a sufficiently long time, the PHI will be starved of data 
and be imable to deliver data to the printhead in time. The sizing of the dotline store FIFO and internal 
FIFOs should be chosen so as to prevent such a stall happening. 



30.6 Dotline data in memory 



The dot data shift register order in the printhead is shown in Figure 214 (the transmit order is the opposite 
of the shift register order). In the example the type 0 printhead IC transmit order is increasing even color 
data followed by decreasing odd color data. The type 1 printhead IC transmit order is decreasing odd color 
data followed by increasing even color data. For both printhead ICs the even data is always increasing 
order and odd data is always decreasing. The PHI controls which printhead IC data gets shifted to. 

From this it is beneficial to store even data in increasing order in DRAM and odd data in decreasing order. 
While this order suits the example printhead, other printheads exist where it would be beneficial to store 
even data in decreasing order, and odd data in increasing order, hence the order is configurable. The order 
that data is stored in memory is controlled by setting the CoiorLineSense register. 
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The dot . order in DRAM for increasing and decreasing sense is shown in Figure 218 and Figure 219 
respectively. For each line in the dot store the order is the same (although for odd lines the numbering will 
be different the order will remain the same). Dot data from the DNC is always received in increasing dot 
number order. For increasing sense dot data is bundled into 256-bit words and written in increasing order 
in DRAM, word 0 first, then word 1 , and so on to word N, where N is the number of words in a line. 

For decreasing sense dot data is also bundled into 256-bit words, but is written to DRAM in decreasing 
order, i.e. word N is written first then word N-l and so on to word 0. For both increasing and decreasing 
sense the data is aligned to bit 0 of a word, i.e. increasing sense always starts at bit 0, decreasing sense 
always finishes at bit 0. 



Even Dot Storage in DRAM (Increasfng Sense) 
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Figure 218. Even dot order in DRAM (Increesing Sense* 13320 dot wide line) 



Even Dot Storage In DRAM (Decreasing Sense) 
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Figure 219. Even dot order in DRAM (Decreasing Sense, 13320 dot wide line) 



Each half color is configured independently of any other color. The ColorBaseAdr register specifies the 
position where data for a particular dotiine FIFO will begin writing to. Note that for increasing sense col- 
ors the ColorBaseAdr register specifies the address of the first word of first line of the fifo, whereas for 
decreasing sense colors the ColorBaseAdr register specifies the address of last word of the first line of the 
FIFO. 

Dot data received from the DNC is bundled in ISS-bit words and transferred to the DRAM. Each line of 
data is stored consecutively in DRAM, with each line separated by ColorLineInc number of words. 

For each line stored in DRAM the DWU increments the line count and calculates the DRAM address for 
the next line to store. 
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This process continues until ColorFifoSize number of lines are stored, after which the DRAM address with 
wrap back to the ColorBaseAdr address. 



Increasing Sense Colors 

DRAM 



ColorBaseAdr 
(words) 




Deeraasing Sense Colors 
DRAM 
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(words) 



MaxWriteAhead (Unes) 



jr ColorFifoSize = N lines 




Figure 220. Dotline FIFO data structure fn ORAM 

As each line is written to the FIFO, the DWU increments the Fi/oFillLevel register, and as the LLU reads a 
line from the FIFO the FifoFillLevel register is decremented. The LLU indicates that it has completed 
reading a line by a high pulse on the llu^dwu^line^rd line. 

When the number of lines stored in the FIFO is equal to the MaxWriteAkead value the DWU will indicate 
to the DNC that it is no longer able to receive data (i.e. a stall) by deassetting the dwu^dnc^ready signal. 

The ColorEnable register determines which color planes should be processed, if a plane is turned off, data 
is ignored for that plane and no DRAM accesses for that plane are generated. 
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30.7 Implementation 



30 JA Definitions of I/O 

Table 154. DWU I/O Definition 



Clocks and Resets 


pdk 


1 


In 


System Clock 


prsLn 


1 


In 


System reset, synchronous active low 


ONC tntertace 


<*wu_dnc_ready 


1 


Out 


Indteates that OWU Is ready to accept data from the DNC. 


dnc^dwu.ayall 


1 


rn 


Indicates valk^ data present on dnc^dwtudaUu 


dnc_dwu_data(5:0] 


6 


In 


Input bMevet dot data in 6 ink planes. 


LLU Ifitarteoe 


dwu_IIu_Dne_wr 


1 


Out 


OWU line write. Indicates that the OWU has completed a fittl 
line write. Active high 


Itfu.dwujine^rd 


1 


In 


LLU line read. Indicates that the LLU has completed a line 
read. Active high. 


LLU and DWU common configuration 


dwu_Du.cfHDsize[1 1 K)j(7.-0] 


12x8 


Out 


Indicates the number of lines in the FIFO before the line 

increment will wrap around in memory. 

Bus 0.1 ' Even, Odd Cne colors 

Bus 2,3 ' Even, Odd line color 1 

Bus 4,5 - Even, Odd line cotor 2 

Bus 67 - Even, Odd line color 3 

Bus 8,9 - Even, Odd line color 4 

Bus 10.1 1 - Even. Odd line cotor 5 


PCU Interface 


pcu_dwu_8el 


1 


In 


Block select from the PCU. When pcu^dm_s9l\s high both 
pcujadrtmid pcujdataout gje vatkJ. 


pcu_n^vn 


1 


tn 


Common read/not-write signal from the PCU. 


pcij_adr{7:2] 


6 


(n 


PCU address bus. Only 6 bits are required to decode the 
address space tor this bkx:k. 


pcu_dataout(3 1 :0] 


32 


In 


Shared write data bus from the PCU. 


dwu_pcu_fdy 


1 


Out 


Ready signal to the PCU. When ctmj_pcu_rdy Is high H Indi- 
cates the last cyde of the access. For a write cyde this 
means pa/.cCataouf has been registered by the bk>ck and 
for a read cycle this means the data on dwu _pcujdata is 

valid. 


dwu j>cu_data(31 :0] 


32 


Out 


Read data bus to the PCU. 


OIU Interface 


dwu_dlu_wreq 


1 


Out 


OWU requests DRAM write. A write request must be accom- 
panied by a valid write address together with valid write data 
and a write valid. 


dwu_diu.wadit21 5] 


17 


Out 


Write address to OIU 

17 bits wide (256-bit aligned word) 


dlu.dwu.wack 


1 


in 


Acknowledge from 01 U tt^t write request has been 
accepted and new write address can be placed on 
<iwu_diu^wadr 
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Table 1S4. OWU t/0 Definition 







MM 






dwu_diu_data(63:0] 


64 


Out 


Data from DWU to DIU. 256-bit word transfer over 4 cycles 
Rrst 64*bjts is bits 63:0 of 256 bit word 
Second 64-bits is bits 127:64 of 256 bit word 
Third 64-bits is bits 191 :128 of 256 bit word 
Fourth 64-bit8 is btts 255:192 of 256 bH word 


dwu.dtu.wvaJ}d 


1 


Out 


Signal from DWU indicating that data on dwu diu data is 
valid. 
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30.7.2 DWU partition 
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Figure 221. DWU partition 



30.7.3 Configuration registers 



The configiiratioii registers in the DWU are programmed via the PCU interface. Refer to section 21 .8.2 on 
page 257 for a description of the protocol and timing diagrams for reading and writiag registers in the 
DWU. Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register 
reads and writes, the lower 2 bits of the PCU address bus are not required to decode the address space for 
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the DWU. When reading a register that is less than 32 bits wide zeros should be returned on the upper 
unused bit(s} of dwu^cujiata. Table 155 lists the configuration registers in the DWU. 



Table 155. DWU registers descrtptlon 













Control Registers 


0x00 


Reset 


1 


0x1 


Active low synchronous reset, self de«activating. A 
write to (his register will cause a OWU block reset. 


0x04 


Go 


1 


0x0 


Active higti bit Indicating the OWU Is programnied 
and ready to use. A low to high transition will cause 
DWU block internal states to reset (configuration 

registers are not reset). 


Dot Line Store Configuration 


0x08-0x38 


Color8aseAdff11.*0] 


12x17 


0x00000 


Specifies the base address (In words) in memory 
where data from a particular half color (N) will be 
placed. 


0x30-0x60 


CororRfoSize[ll:0] 


12x6 


0x00 


Indicates the number of lines In the FIFO before 
the line increment will wrap around in memory. 
Bus 0. 1 - Even. Odd line color 0 
Bus 2.3 - Even. Odd line color 1 
Bus 4,5 - Even. Odd line color 2. 
Bus 6.7 • Even. Odd line color 3 
Bus 8.9 • Even. Odd line color 4 
Bus 10.1 1 - Even, Odd line color 5 


0x70 


ColorLineSense 


2 


0x2 


Specifies whether data written to ORAM (or this 
half cok)r Is increasing or decreasing sense 

0 - Decreasing sense 

1 - Increasing sense 

Bit 0 Defines even color sense. 
Bit 1 Defines odd color sense. 


0x74 


CoiorEfiable 


6 


0x3F 


Indicates whether a particular ookx is active or not. 
When inactive no data is written to DRAM for that 
color. 

0 - Color off 

1 - Color on 

One bit per coicr. bit 0 is Color 0 and so on. 


0x78 


MaxWrfteAhead 


8 


0x00 


Specifies the maximum numt)er of lines that the 
DWU can be ahead of the Li.U 


0x70 


UneSize 


16 


0x0000 • 


Indicates the number of dots per fine. 


Wdrlcing Registers 


0x80 


UneOotCnt 


16 


0x0000 


lrKlk»tes the number of remaining dots In the cur- 
rent line. (Read Only) 


0x84 


RfbRIILevel 


8 


0x00 


Number of lines in the RFO. written to but not 
read. (Read Only) 



A low to high transition of the Go register causes the internal states of the DWU to be reset. All configura- 
tion registers will remain the same. The block indicates the transition to other blocks via the dwu_go ,jmlse 
signal. 



The ColorLineInc bus specifies the number of addresses (in 256-bit words) between successive half lines 
in the dot line store. It is derived from the LineSize register by rounding up the nearest 256-bit value. The 
same value used for all half colors, 
if (line_sizeC7:0] !=0 ) then 

color_llne_inc(7 :0] e line.size(lS :8] ♦ 1 
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J3 



else 

color_line_inc(7:01 = line_size(15 : 8) ; 



30.7.4 Fifo fill level 

The DWU keeps a ninning total of the number of lines in the dot store FIFO. Each time the DWU writes a 
line to DRAM (determined by the DIU interface subblock and signalled via line_wr) it increments the 
fiUlevel and signals the line increment to the LLU (pulse on dwu_llujline_wr). Conversely if it receives an 
active Uu_dwujine_rd pulse from the LLU, the filUevel is decremented If the fiUlevel increases to the pro- 
grammed max level (max^write^ahead) then the DWU stalls and indicates back to the DNC by de-assert- 
ing the dwu^dnc^ready signal. 

If one or more of the DIU buffers fill, the DIU interface signals the fill level logic via the bufjull signal 
which in turn causes the DWU to de-assert the dvmjinc^ready signal to stall the DNC. The bufjull sig- 
nals will remain active untO the DIU services a pending request from the full buffer, reducing the buffer 
level. 

The DWU does not increment the fill level until a complete line of dot data is in DRAM not just a com- 
plete line received from the DNC. This ensures that the LLU cannot start reading a partial line from 
DRAM before the DWU has finished writing line. 

The fill level is reset to zero each time a new page is started, on receiving a pulse via the dwu_go,j3ulse 
signal. 

The line fifo fill level can be read by the CPU via the PCU at any time by accessing the FifoFlllLevel regis- 
ter. 



Doc: SoPEC^hardware.design 
Version: 2.3 



S3 Proprietary Document 



29 Nov 2002 
Page 474 



SoPEC : Hardware Design 



30.7.5 Buffer address generator 
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Up count 
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11 
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Down count 
generator 
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dnc_dwii_avag 



dvvu_dnc_feady 



dnc.dwu.da1a • 



data active 



Even 

bit-write 

decode 



41- 



Odd 

bit-write 

decode 



wr.enlO] 
->wr.bitt0l63:0] 
■>wr_aditOU3:0] 



Une.fln 



Gne.dot.cnt 



wj«(lj[63:01 
■> w_adrlH3:0J 



Figure 222. Buffer address generator sub-block 



30.7.5. i Buffer address generator description 

The buffer address generator subblock is responsible for accepting data from the DNC and writing it to the 
DIU buffers in the correct order. 

The buffer address and active bit-write for a particular dot data write is calculated by the buffer address 
generator based on the dot count of the current line, programmed sense of the color and the line size. 

All configuration registers should be programmed while the Go bit is set to zero, once complete the block 
can be enabled by setting the Go bit to one. The transition from zero to one will cause the internal states to 
reset 

If the color^Unejsense signal for a color is one (i.e. increasing) then the bit-write generation is straight 
forward as dot data is aligned with a 256-bil boundary. So for the first dot in that color, the bit 0 of the 
wrjbit bus will be active (in buffer word 0), for the second dot bit 1 is active and so on to the 255* dot 
where bit 63 is active (in buffer word 3). This is repeated for all 256-bit words until the final word where 
only a partial number of bits are written before the word is transferred to DRAM. 

If color_Unejsense signal for a color is zero (i.e. decreasing) the bit-write generation for that color is 
adjusted by an offset calculated from the pre-programmed line length (iine^ize). The offset adjusts the bit 
write to allow the line to finish on a 256-bit boundary. For example if the line length was 400, for die first 
dot received bit 7 (line length is halved because of odd/even lines of color) of the wrj>it is active (buffer 
word 3), the second bit 6 (buffer word 3), to the 200*** dot of data with bit 0 of wrjbii active (buffer word 
0). 
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30.7.5.2 Bit-write decode 

The buifer address generator contains 2 instances of the bit-write decode, one configured for odd dot data 
the other for even. The counter (either up or down counter) used to generate the addresses is selected by 
I the color Jine^sense signal. Each block determines if it is active on this cycle by comparing its configured 

type with the current dot count address and the datajactive signal. 

The wrjbit bus is a direct decoding of the lower 6 count bits {count f6: J J), and the DIU bufiFer address is 
the remaining higher bits of the counter (count[I0:7J). 

The signal generation is given as follows: 
// determine the counter to use 
I if (color_line_sense == 1 ) 

count c up_cnt (10:01 
else 

count = dn_cnt[10:0) 
// determine if active « based on instance type 

wr_en « datajactive & (count (0] odd^even_type) // odd =1, even =0 

// determine the bit wirite value 
wr_bitt63sOJ » decode (count (6 : 1) ) 
// determine the buffer 64-bit address 
wr_adr[3:0J « count [10:7] 

30. 7.5.3 Up counter generator 

The up counter increments for each new dot and is used to determine the write position of the dot in the 
DIU buffers for increasing sense data. At the end of each line of dot data (as indicated by /inejin), the 
counter is rotmded up to the nearest 256-bit word boundary. This causes the DIU buffers to be flushed to 
DRAM including any partially filled 256''bit words. The counter is reset to zero if the d\vu^o_pulse is 
one. 

// Up-Counter Logic 

if <dwu_go_pulse == 1) then ( 

up_cnt(10:OJ « 0 
elsif (line^fin == 1 ) then 

// round up 

if <up_cnt[8:l] != 0) 
up_cnt [10:91-1-+ 

else 

up_cnt[10:9) 

// bit-selector 

up„cnt [7:0] =0 

elsif ( (dnc_dwu_avail == 1) AND (dwu„dnc«ready 1 ) > then 
up^cnt (7 :0] ++ 



30.7.5.4 Down counter generator 

The down counter logic decrements for each new dot and is used to determine the write position of the dot 
in the DUI bufTeis for decreasing sense data. When the dwu_go _pii!se bit is one the lower bits (i.e. 8 to 0) 
of the counter are reset to line size value (line^ize)^ and the higher bits to zero. The bits used to determine 
the bit-write values and 64-bit word addresses in the DIU buffers begin at line size and count down to zero. 
The remaining higher bits are used to determine the DIU buffer 256-bit address and buffer fill level, begin 
at zero and count up. The counter is active when valid dot data is present, i.e. dnc_dwujavail equals 1 . 

When the end of line is detected Qine^n equals 1) the counter is rounded to the next 256-bit word, and the 

lower bits are reset to the line size value. 

//Down-Counter Logic 

if (dwu_gojpulse ==1) then 
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dn_cnt(8:0] « line.size [6 :0] 
dn_cnt(10:9) « 0 
elsif (line_fin == 1 ) then 
// perform rounding up 
if (dn_cnt[8:l) !a 0) 

else 

dn_cnt 110:9] 
// bit-select is reset 

dn_cnt(8:0]»line_8izet8:OJ // bit select bits 
elsif ( (dnc_dwu_«vail == 1) AND (dwu.dnc.ready == 1 ) ) then 
<in_cntl8:0) — 
dn.cntClO:9)^4 



The dot counter simply counts each active dot received from the DNC It sets the counter to line^ize and 
decrements each time a valid dot is received When the count equals zero the line Jin signal is pulsed and 
the counter is reset to line_size. 

The counter is reset to line^ize when dwu^go ^ulse is 1. 



The DIU buffer is a 64 bit x 8 word dual port register array with bit write capability. The buffer could be 
implemented with fiip-flops should it prove more efficient 



30,7.5.5 Dot counter 



30.7.6 



DtU buffer 
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30.7.7 DIU interface 
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Figure 223. OIU Interface 8ub-bloci( 



30.7. 7. t DiU interface general description 

The DIU interface determines when a buffer needs a data word to be transferred to DRAM. It generates the 
DRAM address based on the dot line position, the color base address and the other programmed parame- 
ters. A write request is made to DRAM and when acknowledged a 256-bit data word is transferred. The 
interface determines if further words need to be transferred and repeats the transfer process. 

If the FIFO in DRAM has reached its maximum level, or one of the buffers has temporarily filled, the 
DWU will stall data generation from the DNC. 

A similar process is repeated for each line until the end of page is reached. At the end of a page the CPU is 
required to reset the internal state of the block before the next page can be printed. A low to high transition 
of the Go register will cause the internal block reset, which causes all registers in the block to reset with 
the exception of the configuration registers. The transition is indicated to subblocks by a pulse on 
dwu_go^jnilse signal. 
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i3 



30.7.7.2 Interface controller 
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CotorSelect: Select the color to update before 
requesting to OIU 
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Data 1 : Data word 1 transfer 

Data2: Data word 2 transfer 

Data3: Data word 3 transfer 



diu dwu vwadcs=1 



^ DataO ^ buf_fd_enai 



^ Datal ^ 



^ Data2 ^ bufjrd^i 



.en b1 



Data3 ^ buf.rd_en si 

Figure 224. Interface controller state diagram 

The interface controller state machine waits in Idle state until an active request is indicated by the read 
pointer (via the req_actiye signal). When an active request is received the machine proceeds to the CoU 
prSelect state to determine which buffers need a data transfer. In the CotorSelect state it cycles through 
each color and determines if the color is enabled (and consequently the buffer needs servicing), if enabled 
it jumps to the Request state, otherwise the color^cta is incremented and the next color is checl^ 

In the Request state the machine issues a write request to the DIU and waits in the Request state until the 
write request is acknowledged by the DIU idiu_dwu_yvack). Once an acknowledge Is received the state 
machine clocks through 4 cycles transferring 64-bit data words each cycle and incrementing the corre- 
sponding buffer read address. After transferring the data to the DIU the machine returns to the CotorSelect 
state to determine if further buffers need servicing. On the transition the controller indicates to the address 
generator {adr_update^ to update the address for that selected color. 

If all colors are transferred {cotor^cnt equal to 6) the state machine returns to Idle, updating the last word 
flags (group Jin) and request logic (reqjupdate). 

The dwu_diu_wvalid signal is a delayed version of the buf_rd_en signal to allow for pipeline delays 
between data leaving the buffer and being clocked through to the DIU block. 

The state machine will return from any state to Idle if the reset or the dwu _go _jmlse is 1 . 



Doc: SoPEC_hardware_design 
Version: 2.3 



S3 Proprietary Document 



Nov 2002 
Page 479 




SoPEC : Hardware Design 



30.7.7.3 Address generator 



The address generator block maintains 12 pointers (coior^adrfj J :0J} to DRAM corresponding to current 
write address in the dot line store for each half color. When a DRAM transfer occurs the address pointer is 
used first and then iq>dated for the next transfer for that color. The pointer used is selected by the req_sel 
bus, and the pointer update is initiated by the adrjupdate signal from the interface controller 

The pointer update is dependent on the sense of the color of that pointer, the pointer position in a line and 
the line position in the FIFO. The programming of the color Jbase^adr needs to be adjusted depending of 
the sense of the colors. For increasing sense colors the colorJbase_adr specifies the address of the first 
word of first line of the fifo, whereas for decreasing sense colors the colorjbase^adr specifies the address 
of last word of the first line of the FIFO. 

For increasing colors, the initialization value (i.e. when dwu^^pube is 1) is the colorJbase_adr For 
each word that is written to DRAM the pointer in incremented. If the word is the last word in a line (as 
indicated by lastjwd from that read pointers) the pointer is also incremented. If the word is the last word in 
a line, and the line is the last line in the RFO Cmdicated hy fifo jmd fiwn the line counter) the pointer is 
reset to color Jxisejadr. 

In the case of decreasing sense colors, the imtialization value (i.e. when rfvvw _gq _pulse is 1) is the 
colorJjase_adr. For each line of decreasing sense color data the pointer starts at the line end and decre- 
ments to the line start. For each word that is written to DRAM the pointer is decremented. If the word is 
the last word in a line the pointer is incremented by color Jinejnc •2+1. One line length to account for 
the line of data just written, and another line length for the next line to be written. If the word is the last 
word in a line, and the line is the last line in the FIFO the pointer is reset to the imtialization value (i.e. 
color Jbase_<idr), 

The address is calculated as follows: 

if (dwu_gojJul8e == 1) then 

color_adr[ll:0) = color_J»se_a<Sr(H :03 [21 :5J 
elsif (adrjupdate == X) then { 

// determine the color 

color o re<L-Bel 1 3 : 0 ] 

// line end and fifo wrap 

if ( (f ifo_end(color3 «= 1) AND (last_wd =n 1)) then { 
// line end and fifo wrap 

color^adrf color) = color_base_adr [color] (21 : 5] 
) 

elsif ( last_wd == 1) then ( 

// just a line end no fifo wrap 

if (color^line^eense (color % 2J == 1) then // increasing sense 



color^adr (color) -- 

) 

) 

// select the correct address « for this transfer 
**«ru_diu_wadr = color_adr (req_sell 



> 

else ( 



else 
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30.7,7.4 Line count 

The lin^ counter logic counts the number of dot data lines stored in DRAM for each color. A separate 
pointer is maintained for each color. A line pointer is updated each time the final word of a line is trans- 
fened to DRAM. This is determined by a combination of adr_update and lastjwd signals. The pointer to 
update is indicated by the req^el bus. 

When an update occurs to a pointer it is compared to zero, if it is non-zero the count is decremented, oth- 
erwise the counter is reset to colorjifojsize. If a counter is zero the fifo^end signals is set high to indicates 
to the address generator block that the line is the last line of this colors fifo. 

If the dwu_go_j)ulse signal is one the counters are reset to color Jifo_size. 

if (dwu^o_pul8e 1) then 

line.cntCll:0] « color^f ifo_sizelll:0l 
elsif ( (adr.tipdatd 1) AND (last.wd =«= 1)) then ( 

// determine the pointer to operate on 

color = req.sel(3:0] 

// update the pointer 

i£ (line.cnt (color) as 0) then 

line.cnt (color) = color.fieo_8lze( color) 

else 

line_cnt(i) — 

•) 

// count is zero its the last line of fifo 
for(ieO ;i <12:i**} { 

fifo_end(i) = (line_cnt(i] == 0) 

) 

30.7.7,5 Read Pointer 

The read pointer logic maintains the buffer read address pointers. The read pointer is used to determine 
which 64-bit words to read fiom the buffer for transfer to DRAM. 

The read pointer logic compares the read and write pointers of each DIU buffer to detenninc which buffers 
require data to be transferred to DRAM (pend[ll:0] bus), and which buffers are full (the bufjull signal). 
Only enabled buffers are considered as indicated by the coior^enable bus. 

Buffers are grouped into odd and even buffers groups. If an odd buffer requires DRAM access the 
odd^pend signals will be active, if an even buffer requires DRAM access the exfen_j?end signals will be 
active. If both odd and even buffers require DRAM access, the even buffers will get serviced first 

If any buffer requires a DRAM transfer, the logic will indicate to the interface controller via the req^active 
signal, with the odd^even^el signal determining which group of buffers get serviced. The interface con- 
troller will check the color_enable signal and issue DRAM transfers for all enabled colors in a group. 
When the transfers are complete it tells the read pointer logic to iq}date the requests pending via 
reqjupdate signal. 

The reqjsel[3:0] signal tells the address generator which buffer is being serviced, it is constructed from 
the odd^evenjsel signal and the color jcnt [2:0] bus from the interface controller. When data is being trans- 
ferred to DRAM the word pointer and read pointer for the corresponding buffer are updated. The req_fiel 
determines which pointer should be incremented. 
// determine which buffers need updates 
£or( i=0; i<12; { 

// determine if re<2uest is active, filtered by color enable 

if < wr_adr(iJl3:2J rcSLadr [ij 13 :2 J ) 
pend(i) - color_enable( i / 2] 

else 

pendii] = 0 
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// detemine if any enabled bu££er is full 

if ((wr.adr[i)C3:01 - r<J_acir [i) [3:0] > > 7) AND (color.enable [ i / 21 11) then 
buf.full s 1 

) 

// Odd half colors (1,3.5,7.9,11), even half colors {0.2.4.6,8, 10) 
odtljiend = ( pendCl] | pend[3) | pend(5) | pend[7) | pendtSJ \ pendCH] ) 
evenjend = < pend(O) | pendC21 | pend[4] | pend[6} | pend(8J | pendflO) ) 
// fixed servicing order, only update when controller dictates so 
if <req_update == 1) then ( 

if (even^^nd 1) then // even always first 

odd.even_8el = O 
req_active = 1 
elsif (odd^end -= 1 ) then // then check odd 
odd_even_sel « 0 
rea_active « 1 
«lse // nothing active 

odd_even_sel = 0 
req_jactive = 0 

) 

// selected requestor 

req_8el(3:0I = (color_cnt C2 :0) , odi3Leven_sel } // concatentation 

The read address pointer logic consists of 12 2-bit counters and a word select pointer. The pointers arc 
reset when dwu^o^ulse is one. The word pointer {word^tr} is common to all buffers and is used to read 
out the 64.bit words from the DIU buflTer. It is incremented when buf_rd_en is active. If the word^tr is 3 
and i^^ buLrd^en is active the selected read pointer {rd^trfreq^selj) will be incremented. A concatena- 
tion of the read pointer and the word pointer are use to construct the buffer read address. The read pointers 
are not reset at the end of each line. 
// detexTQine which pointer to update 
if {dwu_go_pulse 1) then 

rd_ptr(ll:0] « 0 

word_j)tr B 0 

elsif <buf_rd_en == 1) then { 

word_j?tr+-»- 

if (wor<3Lptr 3 ) then 
rd^tr C req^sel ) ••-'f 

) 

// create the address from the pointer, and word reader 
rd^adr(re<L.sel) = (rd^ptr (req_sel) .word_Ptr} // concatenation 

The read pointer block determines if the word being read from the DIU buffers is the last word of a line. 
The buffer address generator indicate the last dot is being written into the buffers via the line Jin signal. 
When received the logic marks the 256-bit word in the buffers as the last word. When the last word is read 
from the DIU buffer and transferred to DRAM, the flag for that word is reflected to the address generator. 

// line end set the flags 
if {dwu_go_pulse == 1) then 

last_flagCl ;0] (1:0] = 0 
elsif (line_fin == 1 ) then 

//determines the current 256-bit word even been written to 

last_flag[0) Iwr«adr(01 {21} =1 // even group flag 

// determines the current 256-bit word odd been written to 

last_flag(ll (wr^adrCU f2] 1 =1 // odd group flag 
// last word reflection to address generator 
laat_wd «= laflt_£lagtodd_even_selJ Ird_ptr(req.sel) (0) ) 
// clear the flag 
if (group_fin «= 1 ) then 

last_flag(odd_even_sel] trd_jptr treq_selj CO] J « 0 

When a complete line has been written into the DIU buffers (but has not yet been transferred to DRAM), 
the buffer address generator block will pulse the line Jin signal. The DWU must wait until all enabled 
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buffers arc transferred to DRAM before signaling the LLU that a complete line is available in the dot line 

store {dwujlujine_wr signal). When the line Jin is received all buffers will require transfer to DRAM. 

Due to the arbitration, the even group will get serviced first then the odd. As a result the line finish pulse to 

the LLU is generated from the last Jlag of the odd group. 

// must be odd, odd group transfer complete and the last word 

**w-ll-u-line_wr » odd_even^eel AND group_f in AND last_wd 
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31 Line Loader Unit (LLU) 



31.1 Overview 

The Line Loader Unit (LLU) reads dot data from the line buffers in DRAM and structures the data into 
even and odd dot channels destined for the same print time. The blocks of dot data are transferred to the 
PHI and then to the printhead. Figure 225 shows a high level data flow diagram of the LLU in context. 
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Figure 225. High level data flow diagram of LLU in context 



31 .2 Physical requirement imposed by the printhead 

The DWU re-orders dot data into 12 separate dot data line FIFOs in the DRAM. Each HFO corresponds to 
6 colors of odd and even data. The LLU reads the dot data line FIFOs and sends the data to the printhead 
intcrfecc. The LLU decides when data should be read from the dot data line FIFOs to correspond with the 
time that the particular nozzle on the printhead is passing the current line. The interacHon of the DWU and 
LLU with the dot line FIFOs compensates for the physical spread of nozzles firing over several lines at 
once. For further explanation see Section 30 Dotline Writer Unit (DWU) and Section 32 PrintHcad Inter- 
face (PHI). Figure 226 shows the physical relationship of nozzle rows and the line time the LLU starts 
reading from the dot line store. 




Figure 226. Paper and printhead nozzles relationship (example witti D^^D^^S) 
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Within each line of dot data the LLU is required to generate an even and odd dot data stream to the PHI 
block. Figure 227 shows the even and dot streams as they would map to an example bi-lithic printhead. 
The PHI block determines which stream should be directed to which printhead IC. 



Even Dot Stream 



Odd Dot Stream M 



fA ' Midway point in dots 
N * Number of dots {n a line 




Nota: Roper passing under printhead 
Figure 227. Printhead structure and dot generate order 



5 Lines 



Paper 
Direction 



31.3 DOT GENERATE AND TRANSMIT ORDER 

The stnicture of the printhead ICs dictate the dot transmit order to each printhead IC. The LLU reads data 
from the dot line FIFO, generates an even and odd dot stream which is then re-ordered (in the PHI) into the 
transmit order for transfer to the printhead. 

The DWU separates dot data into even and odd half lines for each color and stores them in DRAM. It can 
store odd or even dot data in increasing or decreasing order in DRAM, The order is programmable but for 
descriptive purposes assume even in increasing order and odd in decreasing order, llie dot order structure 
in DRAM is shown in Figure 219. 

The LLU contains 2 dot generator units. Each dot generator reads dot data from DRAM and generates a 
stream of odd or even dots. The dot order may be increasing or decreasing depending on how the DWU 
was programmed to write data to DRAM. An example of the even and odd dot data streams to DRAM is 
shown in Figure 228. In the example the odd dot generator is configured to produce odd dot data in 
decreasing order and the even dot generator produces dot data in increasing order: 

The PHI block accepts the even and odd dot data streams and reconstructs the streams into transmit order 
to the printhead. 

The LLU line size refers to the page width m dots and not necessarily the printhead width. The page width 
is often the dot margin number of dots less than the printhead width. They can be the same size for full 
bleed printing. 
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Generate dot order (to the PHI) 



Even Dot stream |idgf^>.^^Ej^l«^ 

W . H 



Transmit dot order(to the printhead) 
Printhead Channel A 



6912 dock cycles 

Mid 
Point 



4072 dock cyd^ 



■yWUciock cycles 



£i Even dots from Line Y 
Odd dots from Une Y-5 



9744 dock cycles 



Example: Une with 13824 dots, with 7:3 printhead 
Figure 228. Dot data generated and transmitted order 



31,4 LLU START-UP 



At the start of a page the LLU must wait for the dot line store in DRAM to fill to a configured level (given 
by FifoReadThreshold) before starting to read dot data. Once the LLU starts processing dot data for a page 
it must continue until the end of a page, the DWU (and other PEP blocks in the pipeline) must ensure there 
is always data in the dot line store for the LLU to read, otherwise the LLU will stall, causing the PHI to 
stall and potentiaUy generate a print error. The FifoReadThreshold should be diosen to allow for data rate 
mismatches between the DWU write side and the LLU read side of the dot line FIFO. The LLU will not 
generate any dot data until FifoReadThreshold level in the dot line FIFO is reached. 

Once the FifoReadThreshold is reached the LLU begins page processing, the FifoReadThreshold is 
ignored from then on. 

When the LLU begins page processing it produces dot data for all colors (although some dot data color 
may be null data). The LLU compares the line count of the current page, when the line count exceeds the 
ColorRelLine configured value for a particular color the LLU will start reading from that colors FIFO in 
DRAM. For colors that have not exceeded the ColorRelLine value the LLU will generate null data (zero 
«^)j^<i not read from DRAM for that color. ColorRelLine [N] specifies the number of lines separating 
the tir half color and the first half color to print on that page. 

For the example printhead shown in Figure 226, color 0 odd will start at line 0, the remaining colors will 
all have null data. Color 0 odd will continue with real data until line 5, when color 0 odd and even will 
contain real data the remaining colors will contain null data. At line 10, color 0 odd and even and color 1 
odd will contain real data, with remaining colors containing null data. Every 5 lines a new half color will 
contain real data and the remaining half colors null data until line 55, when all colors will contain real 
data. In the example ColorRelLine [0] «5. ColorRelLine [1] =0. ColorRelLine [2] =15. ColorRelLine [3] 
=10.. etc. 
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I It is possible to turn off any one of the color planes of data (via the ColorEnable register), in such cases the 

LLU will generate zeroed dot data infonnation to the PHI as normal but will not read data from the 
DRAM. 

31.4.1 LLU bandwidth requirements 

The LLU is required to generate data for feeding to the printhead interface, the rate required is dependent 
on the printhead construction and on the line rate configured. The maximum data rate the LLU can pro- 
duce is 12 bits of dot data per cycle, but the PHI consumes at 12 bits per pAiWJt cycle (2/3 pclk rate), i.e. 8 
bits per pclk cycle. Therefore the DRAM bandwidth requirement for a double buffered LLU is 8 bits per 
cycle on average. If 1.5 buffering is used then the peak bandwidth requirement is doubled to 16 bits per 
cycle but the average remains at 8 bits per cycle. Note that whUe the LLU and PHI could produce data at 
the 8 bits per cycle rate, the DWU can only produce data at 6 bits per cycle rate. 
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31 .5 Implementation 



31.5.1 LLU partition 
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Figure 229. LLU partition 



31 .5.2 Definitions of I/O 



Table 156. LLU I/O definition 











Clocks and Resets 


pdk 


1 


In 


System dock 


pr5t_n 


1 


In 


System reset, synchronous active low 


PHI Inteitace 
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Table 156. LLU VO definition 











llu_phLdata[l:0K5:0] 


2x6 


Out 


Dot Data from LLU to the PHI, each bit is a ootor plane 5 downto 0. 
Bus 0 - Even dot data stream 
Bus 1 • Odd dot data stream 

Data is active when corresponding bit is active In IIu _phi^avaHtms 


phL«u_feady(1.-0] 


2 


In 


Indicates that PIHl is ready to accept data from ttie LLU 

0 - Even dot data stream 

1 • Odd dot data stream 


iru^Uavan[1:0] 


2 


Out 


Indicates vaOd data present on corresponding ttu.j)hLdata. 

0 ' Even dot data stream 

1 - Odd dot data stream 


OIU tnterface 


Hu.diu.neq 


1 


Out 


LLU requests ORAM read. A read request must be accompanied 
by a valid lead address. 


Mu_diu_radr(21:5] 


17 


Out 


Read address to DIU 

17 bits wide (256-bit aligned word). 


diujlu_rack 


1 


In 


Acknowledge from OIU that read request has been accepted and 
new read address can tie placed on ttu^€^^tadr 


diu.data[63:0] 


64 


In 


Data from DIU to LLU. Each access is 256-bits received over 4 
dock cycles 

Rrst 64-bits Is bits 63:0 of 256 bit word 
Second 64-bits is bits 1 27.*64 of 256 bit word 

Third 64-bits is bits 1 91 :1 28 of 256 bit word 
Fourth 64-Wts is bits 255:192 of 256 bit word 


dtu_Du_rva(id 




In 


Signal from OIU telling LLU that valid read data is on the diujdata 
bus 


DWU Interface 


dwujlujine^wr 




In 


DWU line write. Indicates that the DWU has completed a full line 

write. Active high 


nu_dwujlne_rd 




Out 


LLU line read. Indk^tes that the LLU has completed a fine read. 
Active high. 


dwu.nu_cfifosi'ze[11 :0][7:0] 


12x8 


In 


Indicates the number of lines in the FIFO before the line increment 
wU! wrap around In memory. 


PCU Interface 


pcujiu.sel 




In 


Block select from ttie PCU. When pa/_//uL$d/is high both pcu_adr 
and pcu^dataoutare valid. 


pcu_rwn 




In 


Common read/not-write signal from the PCU. 


pcu_adr(7:2) 


6 


In 


PCU address bus. Only 6 bits are required to decode the address 

space (or this bkx:k. 


pcu_dataout(31:9] 


02 


In 


Shared write data txjs from the PCU. 


Ku_pcu_idy 


1 


Out 


Ready signal to the PCU. When Uu _pcu_rtfy Is high It Indicates the 
last cycle of the access. For a write cyde this means pcu_dataout 
has been registered by the block and for a read cycle this means 
the data on Uu_pcujtSata is valkl. 


Ou_pcu.data[31:0] 


32 


Out 


Read data bus to the PCU. 



31.5.3 Configuration registei^ 

The configuration registers in the LLU are programmed via the PCU interface. Refer to section 21.8.2 on 
page 257 for a description of the protocol and timing diagrams for reading and writing registers in the 
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LLU. Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register reads 
and writes, the lower 2 bits of the PCU address bus are not required to decode the address space for the 
LLU. When reading a register that is less than 32 bits wide zeros should be returned on the upper unused 
bit(s) of llu^pcujdaia. Table 157 lists the configuration registers in the LLU. 



Table t57« LLU registers description 











Control ReglsterB 


0x00 


Reset 


1 


0x1 


Active low synchronous reset self de-activating. A 
write to this register wifl cause a LLU block reset 


0x04 


Go 


1 


0x0 


Active high bit ln<ficating the LLU Is programmed and 
ready to use. A low to high transition wQI cause LLU 
block internal states to reset 


Configuration 


0x08-0x38 


Colof8aseAdr(11:0] 


12x17 


0x0000 
0 


Specifies the base address (in words) in menwry 
where data from a particular half color (N) vAW be 
placed. 


Ox3C 


ColorEnable 


6 


0x3F 


Indicates whether a particular color is active or not. 
When inactive no data is written to ORAM for thai 
color. 

0- Color off 
1 - Color on 

One bit per color, t3it 0 Is Color 0 and so on. 


0x40 


UneSize 


16 


0x0000 


Indicates the number of dots per Une. 


0x44 


FtfoReatfThreshold 


8 


0x00 


Specifies the number of lines that should be in the 
RFO before the LLU starts reading. 


0x48 - 0x78 


ColorReIUne[11:0} 


12X8 


0x00 


Specifies the relative number of ines to wait from the 

first before starting to read dot data from the oorre* 

sponding dot data FIFO 

Bus 0.1 - Even. Odd line oolof 0 

Bus 2.3 - Even, Odd line oofor 1 

Bus 4.5 • Even. Odd fine oofor 2 

Bus 6.7 - Even. Odd line cotor 3 

Bus 8,9 - Even. Odd line color 4 

Bus 10,11 - Even, Odd line cotor 5 


Wbrfclng Registers 


0x7C 


RfoRlILevel 


8 


0x00 


Number of lines in the dot line FIFO, line written in but 
not read out. (Read Only) 



A low to high transition of the Go register causes the internal states of the LLU to be reset All configura- 
tion registers will remain the same. The block indicates the transition to other blocks via the llu^o ^jmlse 
signaL 



The ColorLineInc bus specifies the number of addresses (in 256-bit words) between successive half lines 
in the dot line store, is used to determine when a half line of data is read from DRAM. It is derived from 
the UneSize register by rounding up the nearest 256-bit value. The same value used for all half colors, 
if <line^sizer7:03 !=0 > then 

color_line_incr7sOJ « line_.size(lS:8) * 1 
else 

color_line_inct7 :01 = line_aize(lS : 8) ; 
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31.5.4 Dot generator 




douavail 



data 6 
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> 





Figure 230. Dot generator RTL Diagram 



The dot generator block is responsible for reading dot data from the DIU bufTeis and sending the dot data 
in the correct order to the PHI block. The dot generator waits for llu^en signal from the fifo fill level block, 
once active it starts reading data from the 6 DIU buffers and generating dot data for feeding to the PHI, 

In the LLU there are two instances of the dot generator, one generating odd data and the other generating 
even data. 

At any time the ready bit from tiie PHI could be de-asseited, if this happens the dot generator will stop 
generating data, and wait for the ready bit to be re-asserted. 



31.5.4,1 Dot count 

In normal operation the dot counter will wait for the llu^en and the ready to be active before starting to 
count. The dot count will produce data as long as the phijlu_ready is active. If the phijiu^ready signal 
goes low the count will be stalled. 

The dot counter increments for each dot that is processed per line. It is used to determine the line finish 
position, and the bit select value for reading from the DIU buffers. The counter is reset after each line is 
processed {line Jin signal). It determines when a line is finished by comparing the dot count with the con- 
figured tine size divided by 2 (note that odd numbers of dots will be rounded down). 

// define the line finish 
I if (dot_cnt[14:0J line_8ize(15: 1] ) then 

line_fin = 1 
else 

line_fin = 0 
// determine if word is valid 

dot_active = ( (llu^en == 1) AND (phi_llu_ready == 1) and Ibuf.enq) oe 0)) 
// counter logic 
if (llu_0o_pulfie == 1) then 
dot_cnt = 0 

elsif ((dot_active == 1)AND (line_fin == 1)) then 

dot_cnt o 0 
elsif (dot^active °= 1) then 

dot^cnc a dot.cnt ♦ 1 
else 

dot_cnt dot_cnt 
// calculate the vrord select bits 
blt_8el(S:0] := dot„cnt[5iOJ 
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The dot generator aJso maintains a read buffer pointer which is incremented each time a 64-bit word is 
processed. The pointer is used to address the correct 64-bit dot data word within the DIU buffers. The 
pointer is reset when Uu^o^ulse is I. Unlike the dot counter the read pointer is not reset each line but 
rounded up the nearest 256-bit word. This allows for more efficient use of the DIU buffers at line finish, 

// read pointer logic 
it (llu_go_pulse- se i) then 
readLadr s q 

elsif (( dot_active == 1) AKD (dot.cnt(5: 0] = 63 ) ) then 

reac^adr ♦+ // normal increment 

elsif <( dot.active =« 1) AND (line_fin « 1 )) then ( 
// fipecial end of line case 
if (dot_cntt7:01 != 0) then 

read^adr(3:2] // end of line round up 

read.adr[l:Oj = 0; 

> 



31.5.5 Fifo fill level 



The LLU keeps a ruiming total of the number of lines in the dot line store FIFO. Every time the DWU sig- 
nals a line end idwujlujine^wr active pulse) it increments the fillieveL Conversely if the LLU detects a 
line end (line_ni pulse) ihtfilUevel is decremented and the line read is signalled to the DWU via the 
llu_dwu^line_rd signal. 

The LLU fill level block is used to determine when the dot line has enough data stored before the LLU 
should begin to start reading. The LLU at page start is disabled. It waits for the DWU to write lines to the 
dot line FIFO, and for the fill level to increase. The LLU remains disabled until the fill level has reached 
the progranmicd threshold (Jifo_read_thres\ When the threshold is reached it signals the LLU to start pro- 
cessing the page by setting llu_en high. Once the LLU has started processing dot data for a page it will not 
stop if the filllevet falls below the threshold 

The Unc fifo fill level can be read by the CPU via the PCU at any time by accessing the FifoFillLevel regis- 
ter. The CPU must toggle the Co register in the LLU for the block to be correctly initialized at page start 
and the fifo level reset to zero. 

if <Ilu_go_pulse 1) then 
fiXllevel = 0 

elsif <(ltne_rd «s« 1) AND (dwu_llu_line_%irr — 1)) Chen 

//do nothing 
elsif (line_rd == 1) then 

filllevel -- 
elsif {dwu^llu_line_wr 1) then 

filllevel 

// determine the threshold, and set the LLU going 
if <llu^ojulse «= 1) then 
llu_en = 0 

elsif (filllevel f ifo_^ead.threahold J then 
llu^en = 1 
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31.5.6 DJU interface 
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Figure 231. OIU interface 
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31.5.6.1 DIU interface description 

The DIU interface block is responsible for detemiining when dot data needs to be read from DRAM, keep- 
ing the dot generators supplied with data and calculating the DRAM read address based on configured 
parameters. FIFO fill levels and position in a line. 

The fill level block enables DfU requests by activating Hubert signal. The DIU interface controUcr then 
issues requests to the DIU for the LLU buffers to be filled with dot line data (or fill the LLU buffers with 
null data without requesting DRAM access, if requited). 

At page start the DIU interface detennines which buffers should be filled with nuU data and which should 
request DRAM access. New requests are issued until the dot line is completely read from DRAM. 
For each request to the DRAM the address generator calculates where in the DRAM the dot data should be 
read from. The co!or_enable bus determines which colors are enabled, the interface never issues DRAM 
requests for disabled colors. 
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31.5.6.2 Interface controller 
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Figure 232. Interface controller state diagram 

The interface controller co-ordinates and issues requests for data transfers from DRAM. The state machine 
waits in Idle state until it is enabled by the LLU controller (llu_en) and a request for data transfer is 
received from the write pointer block. 

When an active request is received (req^active equals 1) the state machine jumps to the ColorSelect state 
to detemiine which colors [color^cnt) in the group need a data transfer. A group is defined as all odd col- 
ors or all even colors. If the color isn't enabled (color^enable) the count just increments, and no data is 
transferred. If the color is enabled, the state machine takes one of two options, either a null data transfer or 
an actual data transfer from DRAM. A null data transfer writes zero data to the DIU buffer and docs not 
issue a request to DRAM. 

The state machine determines if a null transfer is required by checking the color jstart signal for that color. 

If a null transfer is required the state machine doesn't need to issue a request to the DIU and so jumps 
directly to the data transfer states {DataO to DataS). The machine clocks through the 4 states each time 
writing a null 64-bit data word to the buffer. Once complete the state machine returns to the ColorSelect 
state to determine if ftirther transfers are required. 

If the color^tart is active then a data transfer is required. The state machine jumps to the Request state 
and issue a request to the DfU controller for DRAM access by setting llu^diu^rreq high. The DIU 
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responds by acknowledging the request (diujlu^rack equals 1) and then sending 4 64-bit words of data. 
The transition from Request to DataO state signals the address generator to update the address pointer 
(adr_update). The state machine clocks through DataO to Data3 states each time writing the 64-bit data 
into the buffer selected by the req^sel bus. Once complete the state machine returns to the ColorSelect 
state to determine if further transfers are required 

When in the ColorSelect state and all data transfers for colors in that group have been serviced (i.e. when 
color^cnt is 6) the state machine will return to the Idle state. On transition it will update the word counter 
logic (word_dec) and enabled the request logic {reqjupda(e). 

A reset or llu_goj[>uhe set to 1 will cause the state machine to jump directly to Idle. The controller will 
remain in Idle state until it is enabled by the LLU controller via the Itujsn signal. This pxevents iht DIU 
attempting the fill the DIU buffers before the dot line store FIFO has filled over its threshold level. 

3f. 5.6.3 Color activate 

The color activate logic maintains an absolute line count indicating the line number currently being piT>- 
cessed by the LLU. The counter is reset when the llu^ojmlse is 1 and incremented each time a line^rd 
pulse is received. The count value (line^cnt) is used to detemiine when to start reading data for a color. 

The count is implemented as follows: 
if ( llu_go_pulse == 1) then 

line_cnt = 0 
elsif ( line_rd == 1> then 

line_cnt 

The color activate logic compares line count with the relative line value to determine when the LLU 
should start reading data from DRAM for a particular half color. It signals the interface controller block 
which colors are active for this dot line in a page (via ihc color^start bus). It is used by the inter&ce con- 
troller to determine which DIU buffers require null data. 

Once the color^tart bit for a color is set it cazmot be cleared in the normal page processing process. The 
bits must be reset by the CPU at the end of a page by transitioning the Go bit and causing a pulse on the 
llu_go^ulse signal. 

Any color not enabled by the cohr^enable bus will never have its color^start bit set. 

for (i=0; i<12;i«i-){ 

i£ ( llu_go^uXse as i) then 

col^ontl] a 0 
elsie ( color.enableCi % 6] 1 ) then 

col^on(l} n 0 
elsif ( line_cnt «» eolor_rel_line[iJ > then 

col.onCi] = 1 

) 

// select either odd or even colors 

if I odd_even.sel «ss i ) then // odd selected 

color^start (5 : 0 1 «= {col^on 1 11) , col_on C9 J , col_on[7 J , col_on (5) , col_on(3 J , col.on (1 ) } 
®lse // even selected 

color.s tart (5:0) = (col_on(10) .col_on£8) , col_on[6) ,col_on(4) ,col_on(2J ,col_ont01 ) 



31.5.6.4 Address generator 

The address generator block maintains 12 pointers (color_adrfII:OJ) to DRAM corresponding to current 
read address in the dot line store for each half color. When a DRAM transfer occurs the address pointer is 
used first and then updated for the next transfer for the color. The pointer used is selected by the req^sel 
bus, and the pointer update is initiated by the adrjapdate signal finom the interface controller. 
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The pointer update and pointer initialization is dependent on the pointer position in a line and the line posi- 
tion in the FIFO. *^ 

When a llu^o^lse is received the pointers arc each initialized to the corresponding base address for that 
color (coiorjjose^adr). For each word that is read from DRAM the pointer is mcremented If the word is 
the last word in a line (fast^wd equals 1) and the last line in the fifo (fifo_end equals 1) then the address 
pointer is re-initialized to the base address value. The pointer is incremented for all other words. 

The address is calculated as follows: 
// reset to base address 
if <llu^goj)ulse == 1) then 

color_adr[ll:0) e color_base_adrtll;0U21:5] 
elsif ( adr.update == 1) then 

if <re<i.sel == HUUL > then 
//do nothing 

elsif ((fifo.end »- 1)AND (last.wd 1>) then 

color_adr(req_sel] «= color.base.adr(req_seX] (21 :S] 

else 

color_adr(rea-sell // normal increment 

// select the address pointer 
llu_diu_radr « color.adr [reQ_sel] 



31.5.6.5 Uno pointer 

The line pointer logic counts the number of dot data lines read from DRAM for each color. The counter 
value is used to signal the fifo wrap point to the address generator logic. A separate counter is maintained 
for each color. 

The end of a line can be determined when the address is updated {adrjapdate equal 1) and the word trans- 
ferred is the last word of a line (last^wd equal 1). The line pointer that needs to be updated is selected by 
the req^ei bus from the write pointer block. If the selected pointer is zero the counter is reset to the corre- 
sponding color Jifo^ize value, otherwise the counter is decremented. 

If the Uu^o^ulse signal is high the counters are reset to its corresponding color Jifo^ize value. When 
the counter is zero it sets ihefifo_end bit to signal the address generator that the fifo has wr^ped (to 
update the address pointer accordingly). 

if (llu^go_pulfie =o 1) then 

line_pt(ll:01 = color_fifo_size{ll:0] 
elsif < (adr_update 1) AND (last.wd »« 1)) then { 

if (line_pt Creq^selJ ==0) 

.line_pttreq_soll » color.f ifo_sizetreq_sell 

else 

1 ine_p 1 1 req_sel ] — 

> 

// select Che correct line pointer for cains>arison 
fifo_end = <line_pt tlinej>t J == 0} 

3f.5.6.6 Write pointer 

The write pointer logic maintains the buffer write address pointers, determines when the DIU buffers need 
a data transfer and signals when the DIU buffers are empty. The write pointer determines the address in the 
DIU buffer that the data should be transferred to. 

The write pointer logic compares the read and write pointers of each DIU buffer to determine which buff- 
ers require data to be transferred from DRAM (pendfll.OJ bus), and which buffers are empty (the 
buf^emp signals). Only enabled buffers are considered as indicated by the color_enable bus. 
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Buffers are grouped into odd and even buffers, if an odd buffer requires DRAM access the oddnend sig- 
nals will be active, if an even buffer requires DRAM access the even^end signals wiU be active If bo& 
odd and even buffer require DRAM access, the even buffers will get serviced first 

If any buffer requires a DRAM transfer, the logic will indicate to the interface controUer via the req_active 
signal, with the odd_even^el signal determining which group of buffers get serviced The interface con- 
troller will check the color^enabie signal and issue DRAM transfers for all enabled colors in a group 
When the transfers are complete it tells the write pointer logic to update the request pending via 
reqjupdate signal- ^ r o 

The req_,sel[3:0] signal teUs the address generator which buffer is being serviced, it is constructed from 
Ae odd^evenjsel signal and the color^cnt[2:0] bus from the interface controller. When data is being trans- 
ferred to DRAM the word pointer and write pointer for the corresponding buffer are iq)dated. The reqsel 
determines which pointer should be incremented. 

The write pointer logic operates the same way regardless of whether the transfer is null or not. 

// determine which buffers need updates 
for( iaO; i<12; i-*-*) { 

// determine if request is active, filtered ly color enable 
If { wr^adrtij (3:21 «= r4_jadr tiH3 :2) ) 

pend [ i 1 « 1 
else 

pend(i] = 0 
// determine if any enabled buffer is en^jty 

if (<wr^adrtij(3z0) r^adr [i J t3 :0) ) AND <color_enablefi / 2] =« 1)) then 
buf_enip[i] s 1 

> 

// Odd half colors (1,3,5,7,9.11), even half colors (0,2.4,6,8,10) 
odd_pend « ( pendflj | pend[3J | pendCS) | pend(7] | pend[91 | pendtll] ) 
even_pend = ( pendlO) | pend(21 | pendt4) | pend(6) | pend(8) | penddO) ) 
// fixed servicing order, only update %rtien controller dictates so 
if (re<x_update oc i) then ( 

if (even^end == 1) then // even always first 

odd_even_8el = 0 

req_active = 1 
elsif (odd^nd 1 ) then // then check odd 

odc^even.sel « 0 

req^active =1 

// nothing active 

odd_even_sel * 0 
req^active = 0 

> 

// selected requestor 

req_seir3:03 = {color_cntt2 : OJ ,odd_even_sel} // concatentation 

The write address pointer logic consists of 12 2-bit counters and a word select pointer. The counters arc 
reset when llu^o^lse is one. The word pointer {word_ptr) is conunon to all buffers and is used to write 
64.bit words mto the DIU buffer. It is incremented when buf_rd^en is active. If the word^tr is 3 and the 
buf^rd^en is active the selected write pointer {ys^r^trfreq^elj) will be incremented A concatenation of 
the wnte pomter and the word pointer are use to constnict the buffer write address. The write pointeis are 
not reset at the end of each line. 

// determine which pointer to update 
if (buf_wr_en 1) then ( 

wr_adr(re<i_sel] 

wr_en(req_sel) = 1 

) 
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// determine which pointer to update 
if <llu_goj)ulso == 1) then 

*»r_ptrtll:0) «= 0 

word^ptr = 0 
elsif (buf^dLen i) then { 

wordLptr** 

if (word_j?tr 3 ) then 
WT— P t r ( r eq_8e 1 ) ♦ ♦ 

) 

// create the address from the write pointer and word pointer 
wr_adrCreq^aeX] = {wr^trfrecLsea J , wordj>tr} // concatenation 



31.5,6.7 Word count 

The word count logic maintains 2 counters to tmck the number of words transferred from DRAM per line 

wliZ^i^ J "^"^ and one counter for even. On receipt of a Uu^o^lse. the counters arc initial: 

^aZ ^^^'^I^'^^J!^^^ ^^"^^'^ ^ ^^>- ^ «^^<>'ds are tramfeited to 

DRAM as indicated by the word^dec signal from the interface contn,ller. the corresponding counter is 

blockT^e?^ rod^Ti'f is '^<^^ by the odd^even^sel signal from the v^te pointer 

^^^to r"^ir ^ ^'"^ '^'^ to/.H'^ signal for that group frc odd or even) is set. The tocw^ signal indi- 
toAe address generator thatth^ 

last word m the hne. When the last word actually gets transferred the interface controller^! pulse the 
woni_dec signal causmg the corresponding word count to reset to the color Jinejnc value. 

// determine which counter to decrement 
if (lIu^o_pul8e 1) then 

word_cnt(OJ = color_lin©_inc // odd count 
. word_cntIlJ = color_lino_inc // even count 

eieif (word.dec 1) then C // need to decrement one word counter 

if (word_cnttodd^even.sell == 0) then // line finish counter 

WDrd_cnt [odd_even.sel3 = coIor_line_inc 
else 

word^cnt (odd_even_sel ) — 

) 

// select the correct the last_wd 
last.wd = (word_cnt(odd^even_oelI «» 0) 

IJf ^rr* '=°""V'°8^*^^»'f determines when a complete line has been read from DRAM, it then signals the 

// line finish logic 

if (llu_go_j>ulse == 1) then 

line^fin o 0 

line^rd = 0 

elsif (<l«st_wd .= 1) AND (line.fin 0) AND (wora_dec 1 ) ) then 

1 " i " 0'»«P l»st_wd finish pulse 

lxne_rd =0 

elsif ((last^wd 1> AND (line^fin i) and (word_dec 1 ) ) then 
line.fxn =0 // second group last.wd finish pulse 

*ine_rd e i ■ 

else 

line^fin - line.fin // stay the same 

llne_rd = 0 
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32 PrintHead Interface (PHI) 



32.1 OVERVJEW' 



The Printhead interface (PHI) accepts dot data from the LLU and transmits the dot data to the pxinthcad 
using the pnnthead interface mechanism. The PHI generates the control and timing signals necessary to 
load and drive the bi-Uthic printhead. The CPU detennines the line update rate to the printhead and adjusts 
the line sync frequency to produce the maximum print speed to account for the printhead IC's size ratio 
and inherent latencies in the syncing system across multiple SoPECs. 

The PHI also needs to consider the order in; which dot data is loaded in the printhead. This is dependent on 
the construction of the printhead and the relative sizes of printhead ICs used to create the printhead. See 
Bi-lithic Printhead Reference document for a complete description of printhead types [10]. 
The printing process is a real-time process. Once the printing process has started, the next prinUinc's data 
must be transfeired to the printiiead before the next line sync pulse is received by the printhead Otherwise 
the printing process will terminate with a buffer underrun error. 

The PHI can be configured to drive a single printhead IC with or without synchronization to other 
SoPECs. For example the PHI could drive a single IC printhead (i.e. a printhead constucted with one IC 
only), or dual IC printhead with one SoPEQ device driving each printhead IC. 

The Pm interface provides a mechanism fbr the CPU to dkectiy control the PHI interface pins, allowing 
the CPU to access the bi-lithic printhead to: 

• determine printhead temperature 

• test for and determine dead nozzles for each printhead IC 

• initialize each printhead IC 

• pre-heat each printhead IC 

Figure 233 shows a high level data flow diagram of the PHI in context. 



SoPEC 



LLU 



1 — 1 

PHf 


Temodata ^ 


^ control 





CPU 




Bi-lfthic Printhead 
Figure 233. High level data flow diagram of PHI in context 
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32.2 Printhead mooes of operation 



SjTcf fi'^Jlf 4 different modes of operations (although some modes are re-used). The mode of ooer- 
ahon is defined by ^e state of the output ^\ns phi.lsyncl ^iphi_readL As both phnthea^ TSl^^L 
S:dr;^K8 '""^ be in the same mode of operation. TT.e'modes oit^^Z 



Table 156. Printtiead modes of operation 















^^^^^ 




NORMAL 


1 


1 




Normal print mode, dot data is ctocked Into the prfnl- 
head shift register, on each fading edge of phl_sfcfk 


DOT^LOAD/ 
FIREJNIT 


1 


0 


phijrdhdo 


Dot Load Mode, data stored in the dot shift register is 
transferred into the dot latch on the felling edge of 
pf^Jsynd, and latched in on the rising edge of 
phljsynct 










Rre load mode. Parameter tor generating fire pattern 
are loaded into generator, data on phi_ph_<Sata[1:0][0} 
Is clocked into the generator on each rising edge of 
phLfrdk 


TEST_MODE 


0 


0 




Dot Load Mode, data stored In the dot shift register is 
transfen-ed into the dot register on the rising edge of 
pMJsynct, identical to DOT.LOAD 










The printhead Is in test mode, the temperature delta 
Sigma Is docked out of the printhead on the rising of 
frdk through phLptijiata[1:0][lj 
The result of the nozzle test is clocked out of the print- 
head through ptti^fuSatalVOffOJ 


FIRE.GEN 


0 


1 


WA 


The nozzle test circuit Is reset 

CMOS testing mode, the dot shift register is scanned 

out of the printhead on the felling edge of phLsrdk. 

Data Is output on phi_ph^<fata[1:CJ[i:0J 

The InitiaRsed generator creates the fire pattern and 

shift select pattern, and the pattern Is ckx*ed Into the 

fire shift register and select shift register on the rising 

edgeof phLfrcAc 



32.3 Data rate equauzation 

The LLU can generate dot data at the rate of 12 bits per cycle, where a cycle is at the system clock fre 

*^8et print rate of 30 sheets per minute, the'^printhead nee^ ^prinT^ £ 
^Z^^i^'ff^^ ^^"^ ® ^^'2 '^'^"^ ««^ided by 2 second^ ^ lOO^c) For a coT 
struct^ pnnthead this means that 9744 cycles at 106Mhz is quick enough to tnmsfeT&e dot data, ^e 
mput FIFOs are used to de-couple the read and write clock domains as well r^t5<te f«- ii^n^s 
between consume and fiU rates of the PHI and LLU. proviae lor oinerences 

JIS^."' "'"^^ P™*''^* <=">ck (pHiclk) is at 

il^ ir"lr M K "^^"T «t the full printhead interface rate, the transfer of data to the shorter print- 

STL^ fo wJlh supply date at the maximum rate for short duration, this requires uneven 

bursty access to DRAM which is undesirable. To smooth the LLU DRAM access requirem«its over time 
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the PHI transfers dot data to the printhead at a pre-programmed rate, proportional to the ratio of the shorter 
to longer printhead ICs. 



Without Rata equalization (7:3 head) 

I ' 

phljsynd [J 
phl_ph_data(OHl:OJ | - . ' 



100 usee 



1 



phij)h_dataC1](1.-0] 
phL8rcllc[0} 

phLsrclklll' 



With Rate equalization (7:3 head) 
pWJsyncI [J 



phlj>h.data[0][1:0]- 
phi_ph_data(1U1:0] 

phLsrclkfOj" 
pW^sTdkClj" 



1 



1 



-J~I 



n 



Figure 235. Printhead data rate equalization 

The printhead data rate equalization is controlled by PrintHeadRatefl :0] xcgistcis (one per printhead IC). 
The register is a 16 bit bitmap of active clock cycles in a 16 clock cycle window. For example if the regis- 
ter is set to OxFFFF then the output rate to the printhead will be full rate, if it*s set to OxFOFO then the out- 
put rate is 50% where there is 4 active cycles followed by 4 inactive cycles and so on. If the register was 
set to 0x0000 the rate would be 0%. The relative data transfer rate of the printhead can be varied from 0- 
100% with a granularity of 1/16 steps. 



Table 159. Example rate equalization values for common printheads 







6:2 


OxFFFF (100%) 


0x1 1 11 (25%) 


7;3 


OxFFFF (100%) 


0x5551 (43.7%) 


6:4 


OxFFFF (100%) 


0xFIF2(68.7%) 


5:5 


OxFFFF (100%) 


OxFFFF (100%) 



both printhead ICs, to reduce the read bandwidth from the DRAM. 



I data rate to 
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32.4 Dot generate and transmit order 

Several printhead types and arrangements exists (see Section 35 Memjet Printhead) . The PHI is capable of 
driving all possible coofiguratioiis, but for the purposes of simplicity only one arrangement (arrangement 0 
- see Section 35 Memjet Printhead) is described in the following examples. 



DotTfansmlt 
Order 



QiO O 



o o o 



iD-6 ny-4 m-i 



O O O O" 



o o o 



Type 0 printhead IC 




O O O - 



■ o o o o 



o o o. 



nr^l t&^3 



n-4 n-2 



-o o o o 



n-S »>3 »1 



Type 1 printhead IC 
Paper 



I 



5 Unas 



M - Midway point in dots 
N - Number of dots in a line 



Note: Peper passing under printhead 



Figure 236. Printhead structure and dot generate order 



The structure of the piinthead ICs dictate the dot transmit order to each printhead IC The PHI accepts two 
streams of dot data from the LLU, one even stream the other odd The PHI constructs the dot transmit 
order streams from the dot generate order received from the LLU. Each stream of data has already been 
arranged in increasing or decreasing dot order sense by the DWU. The exact sense choice is dependent on 
the type of printhead ICs used to construct the printhead, but regardless of configuration the odd and even 
stream should be of opposing sense. 

The dot transmit order is shown in Figure 236. Dot data is shifted into the printhead in the direction of the 
arrow, so from the diagram (taking the type 0 printhead IC) even dot data is transferred in increasing order 
to the mid point first (0, 2. 4, .... m-6, m-4, m-2), then odd dot data in decreasing order is transferred (m-1, 
m-3, m-5,...., 5, 3, 1). For the type 1 printhead IC the order is reversed, with odd dots in increasing order 
transmitted first, followed by even dot data in decreasing order. Note for any given color the odd and even 
dot data transferred to the printhead ICs are from different dot lines, in the example in the diagram they are 
separated by 5 dot lines. Table 160 shows the transmit dot order for some common A4 printheads. Differ- 
ent type printheads may have the sense reversed and may have an odd before even transmit order or vice 
versa. 



Tabfe 160. Example printhead ICs, and dot data transmit order for A4 (13824 dots) page 



Type 0 Printhead IC 



8 


11160 


0.2.4.8 .5574.5576.5578 


5579,5577,5575 7.5,3,1 


7 


9744 


0;2.4.e 4866.4868.4870 


4871 ,4869,4867.....7.5.3.1 


6 


8326 


0,2.4.8 4158,4160.4162 


4163.4161.4159 7.5,3,1 


5 


6912 


0,2,4,8 3450.3452,3454 


3455,3453.3451 7.5,3,1 


4 


5496 


0.2.4.8 ,2742.2744.2746 


2847,2845.2843 7.5,3,1 


3 


4080 


0.2.4.8 ;2034.2036.2038 


2039.2037.2035 7,5.3.1 
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Table 1 60. Example printhead ICs, and dot data transmit Older for A4 (13824 dots) page 



Type 1 Printhead tC 


8 


11160 


13823,13821,13819 1337.1335.1333 


1332.1334.1336 13818.13820.13822 


7 


9744 


13823,13821.13819 2045,2043.2041 


2040,2042.2044 13818,13820,13822 


6 


8328 


13823.13821.13819 .2853.2851,2849 


2848.2650.2852 13818,13820.13822 


5 


6912 


13823.13821.13819 .3461.3459.3457 


3458.3458.3460 13818.13820.13822 


4 


5496 


13823.13821,13819 4169.4167.4165 


4164.4166,4168 13816,13820,13822 


3 


4080 


13823.13821,13819 4877.4875.4873 


4872.4874.4876 1 3818,1 3820. 1 3822 


2 


2664 


13823,13821.13819 5585.5583.5581 


5580.5562.5584 1 381 8.1 3820. 1 3822 



32.4.1 Dual Printhead IC 

Generate dot order (from the LLU) 

Even Dot stieam r^^SSFi^^^gj^^^^ItSggj^^^I-j^^ 



Transmit dot order(to the printhead) 
Printhead Channet A f^E^W^l^ 
Printhead Chcmnel B 



6912 dock cydes 

Mid 
Point 



4872 dock cydes* 



^OWdockcySeS- 



Even dots from Line Y 
Odd dots from UneY-5 



8744 dock cycles 



Example: Une wfth 13824 dots, with 7:3 printhead 
Figure 237. Dot data generated and transmitted order 



The LLU contains 2 dot generator units. Each dot generator reads dot data from DRAM and generates a 
stream of dots in increasing or decreasing order. A dot generator can be configiired to produce odd or even 
dot data streams, and the dot sense is also configurable. In Figure 237 the odd dot generator is configured 
to produce odd dot data in decreasing order and the even dot generator produces dot data in increasing 
order. 

In order to reconstruct the dot data streams from the generate order to the transmit order, the connection 
between the generators and transmitters needs to be switched at the mid point. At line start the odd dot 
generator feeds the type 1 printhead, and the even dot generator feeds the type 0 printhead. This continues 
until both printheads have received half the number of dots they require (defined as the mid point). The 
mid point is calculated from the configured printhead size registers {PrintHeadSize), Once both printheads 
have reached the mid point, the PHI switches the connections between the dot generators and the print- 
head, so now the odd dot generator feeds the type 0 printhead and the even dot generator feeds the type 1 
printhead. This continues until the end of the line. 
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It is possible that both printheads wiU not be the same size and as a result one dot generator may reach the 
mid point l)efore the other. In such cases the quicker dot generator is stalled until both dot generators reach 
the mid point, the connections are switched and both dot generators arc restarted 

Note that in the example shown in Figure 237 the dot generators could generate an A4 line of data in 6912 
cycles, but because of the mismatch in the piinthead IC sizes the transmit time takes 9744 cycles. 

I 32.4.2 Single printhead IC 

In some cases only one printhead IC may be connected to the PHI. In Figure 238 the dot generate and 
I transmit order is shown for a single IC printhead of 9744 dots width. While the example shows the print- 

head IC connected to channel A, either channel could be used. The LLU generates odd and even dot 
streams as normal, it has no knowledge of the physical printhead configuration. The PHI is configured 
1 with the printhead size {PrintHeadSizefl] register) for channel B set to zero and channel A is set to 9744. 

Generate dot order (from the LLU) 

Even Dot itrean, mm^^^mm9^^mmM\ 



4672 ck>ck cycles 



Transmit dot order(to the printhead) ^^it 



Printhead Channel A K?7i3S|L4ll^M^|^^g|^^ 



, , ^j sim 

Printhead Channel B 



407ZciocKcydM cbdccydes ► 

9744 dock cycles ' ^ 



Even dots from Une Y 

Odd dots froin Une Y-5 Example: Une with 9744 dots. %vith 7:0 printhead 

Figure 238. Dot data generated and transmitted order (single printhead case) 

Note that in the example shown in Figure 238 the dot generators could generate an 7 inch line of data in 
4872 cycles, but because the printhead is using one IC, the transmit time takes 9744 cycles, the same speed 
as an A4 line with a 7:3 printhead. 



32.4.3 Summary of generate and transmit order requirements 

In order to support all the possible printhead auangements. the PHI (in conjuction with the LLU/DWU) 
must be capable of re-ordering the bits according to the following criteria: 

• Be able to output the even or odd plane first 

• Be able to output even and odd planes independently. 

• Be able to reverse the sequence in which the color planes of a single dot are output to the printhead. 
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32.5 Print sequence 

The PHI is responsible for accepting dot data streams from the LLU, restructuring the dot data sequence 
and transfening the dot data to each printhead within a line time (i.e before the next line sync). 

Before a page can be printed the printhead ICs must be initialized The exact initialization sequence is con- 
figuration dependent, but will involve the fire pattern generation initialization and other optional steps. The 
initialization sequence is implemented in software. 

Once the first line of data has been transferred to the printhead, the PHI will intenupt the CPU by asserting 
thephi_icu^rint_nfy signal. The interrupt can be optionally masked in die ICU and the CPU can poll the 
signal via the PCU or the ICU. The CPU must wait for a print ready signal in all printing SoPECs before 
starting printing. 

Once the CPU in the PrintMaster SoPEC is satisfied that printing should start, it triggers the LincSync- 
MastCT SoPEC by writing to the PrintStart register of all printing SoPECs. The transition of the PrintStart 
register in the LineSyncMastcr SoPEC will trigger the start of Isyncl pulse generation. The PrintMaster 
and UneSyncMaster SoPEC are not necessarily the same device, but often are the same. For a more in 
depth definition see section 12.3 Miilti-SoPEC systems on page 104. 

Writing to the PrintStart register generates a pulse which is used to generate the line sync in the LineSyn- 
cMaster which is in turn used to align all SoPECs in a multi-SoPEC .system. All printhead signaling is 
aligned to the line sync. The PrintStart is only used to align the first line sync in a page. 

When a SoPEC receives a line sync pulse it means that the line previously transferred to the printhead is 
now printing, so the PHI can begin to transfer the next line of data to the printhead. When the transfer is 
complete the PHI will wait for the next line sync pulse before repeating the cycle. If a line sync arrives 
before a complete line is transfeired to the printiiead (i.e. a buffer error) the PHI generates a buffer under- 
run interrupt, and halts the block. 

For each line in a page the PHI must transfer a full line of data to the printhead before the next line sync is 
generated or received. 

32.5.1 Sync pulse control 

If the PHI is configured as the LineSyncMaster SoPEC it will start generating line sync signals LsyncPre 
number of phiclk cycles after PrintStart register rising transition is detected. All other signals in the PHI 
interface are referenced from the falling edge ofphijisyncl signal. 

If the SoPEC is in line sync slave mode it will receive a line sync pulse from the LineSyncMaster SoPEC 
through ihephi^isynel pin which will be programmed into input mode. The phijsyncl input pin is treated 
as an asynchronous input and is passed through a de-glitch circuit of programmable de-glitch duration 
(LsyncDeglitchCnt). 

The phijsyncl will remain low for LsyncLow cycles, and then high for LsyncHigh cycles. The phijsyncl 
profile is repeated until the page is complete. The period of the phijsyncl is given by LsyncLow + Lsyn- 
cHigh cycles. Note that the LsyncPre value is only used to vary the time between the generation of the first 
phijsyncl and the PageStart indication firom the CPU. See Figure 239 for reference diagram. 

If the SoPEC device is in line sync slave mode, the LsyncMinPeriod register specifies the minimum 
allowed phijsyncl period. Any phijsyncl pulses received before the LsyncMinPeriod has expired will 
trigger a buffer underrun error. 

32.5.2 Shift register signal control 

Once the PHI receives the line sync pulse, the sequence of data transfer to the printhead begins. All PHI 
control signals are specified from the falling edge of the line sync. 
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The phi^srclk (and consequently phijphjtata) is controlled by the SrclkPre, SrclkPost registers. The 
SrclkPre specifies the number of phiclk cycles to wait before beginning to transfer data to the printhead. 
Once data transfer has started, the profile of the phi^rclk is controlled by PrintHeadRate register and the 
status of the PHI input FIFO, For example it is possible that the input FIFO could empty and no data 
would be transferred to the printhead while the PHI was waiting. After ail the data for a printhead is trans- 
ferred to the PHI, it counts SrclkFost number of phiclk cycles. If a new pkijsyncl falling edge arrives 
before the count is complete the PHI will generate a buffer undemm interrupt (phijcujunderrun). 



32.5.3 Firing sequence signal control 



The profile of the phijrclk pulses per line is determined by 4 registers FrclkPre, FrcIkLow, FrclkHigh, 
FrcikNum, The FrclkPre register specifies the number of cycles between line sync felling edge and the 
phijrclk pulse high. It remains high for FrclkHigh cycles and then low for FrcIkLow cycles. The number 
of pulses generated per line is determined by FrclkNum register. 

The phi^rqfile pin is specified in a similar manner by the FrofilePr^, PrvfileLow^ FrvfileHigh, PrvfiieNum 
registers. 

The phijrclk period and the phi^rqfile period should be programmed the same, so FrclkHigh + FrcIkLow 
should equal the ProfileHigh + FroJUeLow^ and the number of cycles for each in a line time should also be 
equal i.e. FrclkNum » ProfileNum. 

The total number of cycles required to complete a firing sequence should be less than the phijsyncl period 
i.e. {{ProfileHigh + ProfileLow) ♦ ProfileNum)+ ProfilePre < {LsyncLow + LsyncHigh). 
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Figure 239. Printhead interface timing parameters 



Figiire 239 details the timing parameters controlling the PHI. All timing parameters are measured in num- 
ber of phiclk cycles. 



32.5.4 Page complete 

The PHI counts the number of lines processed through the interface. The line count is initialised to the 
PageLenLine and decrements each time a line is processed. When the line count is zero it pulses the 
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phijcujpagejinish signal. A pulse on the phijcu^pagejinish automatically resets the PHI Go register, 
and can optionally cause an interrupt to the CPU. Should the page terminate abnormally, i.e. a buffer 
undemin, the Go register will be reset and an interrupt generated. 

32.5.5 Line sync Interrupt 

The PHI will generate an intenupt to the CPU after a predefined number of line syncs have occured. The 
number of line syncs to count is configured by the LineSyncIntemtpt register. The intenupt can be dis- 
abled by setting the register to zero. 

32.6 Dot line margin 

The PHI block allows the generation of margins either side of the received page firom the LLU block. This 
allows the page width used within PEP blocks to differ from the physical printhead size. 

This allows SoPEC to store data for a page minus the margins, resulting in less storage requirements in the 
shared DRAM and reduced memory bandwidth requirements. The difference between the dot data line 
size and the line length generated by the PHI is the dot line margin length. There are two margins specified 
' for any sheet, a margin per printhead IC side. 

The margin value is set by programming the DotMargin register per printhead IC. It should be noted that 
the DotMargin register represents half the width of die actual margin (either left or right margin depending 
on paper flow direction). For example, if the margin in dots is 1 inch (1600 dots), then DotMargin should 
be set to 800. The reason for this is that the PHI only supports margin creation cases 1 and 3 described 
below. 
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See example in Figure 240. 
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Figure 240. Printhead timing with margining 



In the example the maigin for the type 0 printhead IC is set at 100 dots (DotMargin— 100), implying an 
actual margin of 200 dots. 

If case one is used the PHI takes a total of 97A4 phi jsrvik cycles to load the dot data into the type 0 print- 
head. It also requires 9744 dots of data from the LLU which in turn gets read from the DRAM, In this case 
the first 100 and last 100 dots would be zero but arc processed though the SoPEC system consuming mem- 
ory and DRAM bandwidth at each step. 

In case;2 the LLU no longer generates the margin dots, the PHI generates the zeroed out dots for the mar- 
gining. The phi^srclk stiU needs to toggle 9744 times per line, although the LLU only needs to generate 
9544 dots giving die reduction in DRAM storage and associated bandwidth. The case 2 senario is not sup- 
ported by the PHI because the same effect can be supported by means of case 1 and case 3, 

If case 3 is used the benefits of case 2 are achieved, but the phi^srvlk no longer needs to toggle the full 
9744 clock cycles. The phi_^rc!k cycles count can be reduced by the margin amount (in this case 9744- 
100=9644 dots), and due to the reduction 'mphi_srclk cycles the phijsyncl period could also be reduced, 
increasing the line processing rate and consequendy increasing print speed. Case 3 works by shifting the 
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odd (or even) dots of a margm from line Y to become the even (or odd) dots of the margin Y-4, (Y-S 
adjusted due to being printed one line later). This works for all lines with the exception of the first line 
where there has been no previous line to generate the zeroed out margin. This situation is handled by add- 
ing the line reset sequence to the printhead initialization procedure, and is repeated between pages of a 
document See section 32.8.3 on page 512. 

32.7 Dot counter 

For each color the PHI keeps a dot usage count for each of the color planes (called AccumDotCount), If a 
dot is used in particular color plane the corresponding counter is incremented- Each counter is 32 bits wide 
and saturates if not reset. A write to the DotCountSnap register causes the AccumDotCounifl^ values to 
be transferred to the DotCount[NJ registers (where N is 5 to 0, one per color). The AccumDotCount regis- 
ters are cleared on value transfer. 

The DotCaunt[N] registers can be written to or read from by the CPU at any time. On reset the counters 
axe reset to zero. 

The dot counter only count dots that are passed from the LLU through ther PHI to the printhead. Any dots 
generated by direct CPU control of the PHI pins will not be counted. 

32.8 CPU lO CONTROL 

The PHI interface provides a mechanism for the CPU to directly control the PHI interface pins, allowing 
the CPU to access the bi-lithic printhead: 

• Determine printhead temperature 

• Test for and determine dead noszles for each printhead IC 

• Printhead IC initialization 

• Printhead pre-heat function 

The CPU can gain direct control of the printhead interface connections by setting the PrintHeadCpuCtrl 
register to one. Once enabled the printhead bits are driven directly by the PriruHeadCpuOut control regis- 
ter, where the values in the register are reflected directly on the printhead pins and the status of the print- 
head input pins can be read directly from the PrintHeadCpuIn. The direction of pins is controlled by 
programming PrintHeadQmDir register. The register to pin mapping is as follows: 



Table 161> CPU control and status registers mapping to printhead Interface 







Pn'ntHeadCpuOul 


1:0 


phi_ph.data_o(0][1X)] 


3:2 


phi j)h_data_o[1 HI :01 


4 


phLlsynd_o 


5 


phi^readl 


7:6 


phLsfdk(1:0] 


8 


phLfrdk 


9 


phi_profile 
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Table 161. CPU control and status registers mapping to printhead Interface 









PrintHeadCpuOIr 


1:0 


phij)h.data_e(0]|1K)] direction control. 
1 - output mode 
0- input mode 




3:2 


phl_ph_data_elini .-0) Erection control 
1 * output mode 
0 " input mode 




4 


phLlsynd^e direction control 
1 • output mode 
0 • Input mode 


PrtntHeadCpuIn 


i.-o 


phl_ph_dataullPlt1:0) 




3:2 


phl_ph_dataj[l 111:0} 




4 


phLlsyndJ 



It is important to note that once in PrintHeadCpuCtrl mode it is the responsibility of the CPU to drive the 
printhead coirectly and not create situations where the prin^ead could be destroyed such as activating all 
nozzles together. 

Note the following procedures are based on current printhead capabilities, and are subject to change, 

32.8.1 Dead nozzle infonnation capture 

The CPU (via the direct printhead control mechanism) has the capability of testing each of the nozzles in 
the printhead and determining which nozzles arc dead, the resultant dead nozzle information is processed 
by the CPU to generate the dead nozzle table used by the DNC. 

32,8.1.i Nozzie test procedure 

The nosle test software must first initialize the fire pattern generator for each printhead IC as normal, then 
it must initialize the fire pattem register as nonnal. The fire pattern generator parameters must be chosen 
so as to create a fire pattem where only one nozzle is firing at a time. 

For example if the printhead is constructed with a 7:3 configuration where the left printhead is 7 inches 
and the right 3 indies. The fire pattem length is equal to the number of dots in a half line (NLEN=n- 
1 .where n = 9744 / 2 = 4872), the COUNT-1 and B=0. The fire generator in the printhead needs to be ini- 
tialized with NLEN=4871. COUNT- 1, B=0. See Section 32.8.4 for exact details on how to program die 
fire pattem generator. 

Once the generator is setup the nozzle test software puts the printhead into FIRE_GEN mode and the fire 
pattem is loaded into the fire shift registers. 

The next step is to load the dot data shift registers with a test pattem. Any test pattem could be used it 
should be chosen so as to allow only one color to fire at a time. Once the printhead shift registers are ini- 
tialized the software can begin the nozzle test sequence. 

pie printhead is put in FIRE_GEN mode which resets the test circuit, both phi_jsrclk and phijrclk are held 
inactive. After a pre-determined time the printhead is put in TEST^f ODE where the nozzle is tested. 
The test software toggles phi^rqfUe output pin and then samples the test result on the phi ^h_data pin. 
The test software then generates one phijrclk pulse to advance the fire pattern and repeats the profile 
pulse and test result capture as before. This procedure is repeated for all dots in the half dot line. Once the 
test result for a particular dot line is complete the whole procedure is repeated 12 times once for each half 
dot line. 
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The dead nozzle software collates all the nozzles test results and produces the dead nozzle table for use bv 
the DNC. 
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Figura 241. Nozzle Test Modes & Setup 



32.8.2 Temperature capture 



Occasionally the CPU will need to sample the printhead temperature and possibly adjust the firing profUe 
based on the result. 

To capture the printhead temperature, the printhead must be put into TEST_MODE. and the 
phi^h^dataj pin input mode. The CPU will toggle the phijrclk and then sample the phi _ph_data_i to 
capture the temperature data. The cycle is repeated N times, and the N bits of data are used to generate the 
printhead temperature value. The temperature capture waveform is shown in Figure 242. 

The exact number of bits required (i,e. N) and the temperature value generation mechanism is currently 
tmdefined. 
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Figure 242. Temperature Capture Waveform 
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S5 



32.8.3 Printhead initialization procedure 

In order to use tlie printhead for the first time the CPU must download paiameteis for controlling the fire 
pattern generator. The download is performed by entering the FIRE_IN1T mode and data is tiansfened 
tiiToa^lhe phi_ph_flatafJ:OJfOJ pins (one pin per printhead IQ and clocked into the printhead on the ris- 
ing edge of phi Jrclk. In total 29 clock cycles are required to transfer the full set of parameters. 

Table 162. Parameters for Fire Pattern Initialization 





l..fM;iBM!>f(^liil'|i|i^ 


NLEN 


14 


Rre pattern length. Values defines the lenoth of the fire pat- 
tern, NLEN=N-1 where N Is the pattern length. 


COUNT 


14 


Defines the remaining number of dock cycles required to 
generate the Rre Pattern. Is given by COUlvrr= (La/2) Mod 
N -1 where is the dot length of longer printhead or 
COUNTS (La - L^ -<(k /2) mod N)) Mod N -1 tor the shorter 
printhead 


B 


1 


Select shift register inversion bit. 



evuvE«w£ i« ixxxuoii^ou ulc lire paiiem ana seieci panem need to be created and shifted into their 
respective shift registers. The printheads are put into FIRE^GEN mode and the phijrclk is toggled 
times, where is the length of the longer printhead in dots. As phijrclk is a common signal for both 
prmtheads it means that if the printhead ICs are of different length one printhead IC will get clocked too 
many times by phijrclk. The fire pattern generator internal in each printhead IC takes account of this. See 
Section 32.8.4 Fire pattern generator. 

If dot line margining is to be used the dot data registers in the margining region in the printhead IC need to 
be mitialized to zero before any line is printed. See section 32.6 on page 507 for a full explanation of dot 
Ime margin setup. The CPU does this by entering NORMALJVfODE and fills the dot data shift register 
with zeros. This is performed by clocking the phijsrclk to each printhead dot margin times for the each 
prmthead IC. As phijrclk is not common to both printhead ICs the number of clock cycles can be differed 
to each printhead IC. 

Once the printhead initialization is complete control of the printhead can be released to the PHI to allow 
printing to begin. 



32.8.4 Fire pattern generator 

The fire pattern generator is logic within each printhead IC used to generate the fiie pattern and the select 
shift pattern. The fire pattern generator must be initialized by the SoPEC device before a page can be 
printed. The SoPEC uses the CPU direct lO control of the printhead pins to download Ae initialization 
parameters and generate the initialization sequence. 
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32.9 Implementation 

32.9.1 Definitions of I/O 



Table 163. Printhead Interface I/O definition 







m 




Clocks and Resets 




pdk 




In 


System Clock 


phidk 




In 


Pnnthead Interface dock (ctocfflo^) used to transfer data from pdkto 
dodk domains 


dodk 




In 


Data out dock (2x pcflt) used to transfer data to printhead 


prs^n 




In 


System reset, synchronous active low. Synchronous to pctk 


phirst_n 




In 


System reset, synchronous active low. Synchronous to phfdk 


dorst_n 




In 


System reset, synchronous active tow. Synchronous to doc/k 


General 




phLlctj_prlnt.rdy 




Out 


Indicates that the first line of data Is tiansfen^ed to the printhead 

Active high. 


phl_lcuj>age_finish 




Out 


Indicates that data for a complete page has transfen-ed. Active high 


phLteu^underrun 




Out 


Indicates the PHI has detected a buffer underrun. Active high 


phi.jcuj[nesync_(nt 




Out 


Indicates the PHI has detected L2ne5ync//ite/7ipf number of line 
syncs. 


Debug " — ^ • — 


debgg_data_outI2.-0) 


3 


In 


Output debug data to be muxed on to the PHI pins 


debua.cntn[2.*0} 


3 


In 


Control signal tor each PHI bound debug data tine Indicating 
whether or not the debug data should t>e selected by the pin mux 


LLU Interface 


»uj)hLdata(1.-0J(5:01 


2x6 


Out 


Dot Data from LLU to the PHI. each bit is a ootor plane 5 downto 0. 
Bus 0 • Even dot data stream 
Bus 1 ' Odd dot data stream 

Data is active when corresponding bit is active in ifu _pN avail bus 


phijlu_readyl1:0] 


2 


In 


Indicates that PHI is ready to accept data from the LLU 

0 < Even dot data stream 

1 " Odd dot data stream 


«U-PhLavailI1:0] 


2 


Out 


Indicates valid data present on corresponding lfu.j)hi_<iata. 

0 • Even dot data stream 

1 - Odd dot data stream 


Printhead Interface 


phi j>h_data_l{1 :0]C1 ;0J 


2x2 


In 


Dot data input from printhead. 
Bus 0 - Printhead channel A 
Bus 1 - Printhead channel B 


phl_ph_data_o{1 .-OJII :0] 


2x2 


Out 


Dot data output to printhead. Each bus to each printhead contains 2 
bits of data 

Bus 0 • Printhead channel A 
Bus 1 - Printhead channel B 


phi^h_dala_e(1 :0J(1 :0] 


2x2 


Out 


Dot data direction control. Pin is driving when high 
Bus 0 - Printhead channel A 
Bus 1 • Printhead channel B 


phLsrdk(1:0] 


2 


Out 


Dot data shift dock used to dock in printhead data 
Bus 0 - Printhead channel A 
Bus 1 - Printhead channel 8 



Doc: SoPEC.hafdware^design S3 Proprietary Document 

Version: 2.3 



^ Nov 2002 
P^ge 513 




SoPEC : Hardware Design 



Table 163. Prtnthead Interface I/O definition 











phLreadI 


1 


Out 


Common printhead mode control. Used in conjunction with 
phUsyndto determine the printhead mode 

0 - SoPEC receiving, printhead driving 

1 • SoPEC driving, printhead receiving 


phLfrdk 


1 


Out 


Common Rre pattern dod< needs to toggle once per fire cyde 


phl_profile 


1 


Out 


Common pulse proftie for all colors 


phiJsynd_o 


1 


Out 


Capture dot data for next print line, output mode 


phijsynd^e 


\ 


In 


p/iL^syncf output enable, when high pAiL/syndpin is driving 


phijsyndj 


1 


In 


Line Sync Pulse from Master SoPEC 


PCU Interface 




1 


In 

1 


Block select from the PCU. When pcu^Lselis high both pcu^axSr 
and pciLdaraoi/tare valid. 


pcu^rwn 


1 


tn 


Common read/not-write signal from the PCU. 


pou.adr[7;2] 


6 


In 


PCU address bus. Only 6 bits are required to decode the address 
space for this block. 


pcu.dataout(31:0] 


32 


in 


Shared write data bus fmm the PCU. 


phl_pcu_nly 


1 


Out 1 


Ready signal to the PCU. When phi _pcu_tdy i9 high it indk:ates the 
last cyde of the access. For a write cyde this means pctcdSataouf 
has been registered by the biock and tor a read cycle this means 
the data on phi^j)cu^data Is valid. 


phl.j>cu_data(31:0] 


32 1 


Out ' 


Read data bus to the PCU. 



Doc: SoPEC_hardware_deslgn 

Vei^ion: 2.3 



S3 Proprietary Document 



^ Nov 2002 
Page 514 



SoPEC : Hardware Design 



32.9.2 PHI sub-block partition 
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32.9.3 Configuration registers 
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The configuration registers in the PHI are programmed via the PCU interface. Refer to section 21.8.2 on 
page 257 for a description of the protocol and timing diagrams for reading and writing registers in the PHL 
Note that since addresses in SoPEC are byte aligned and the PCU only supports 32-bit register reads and 
writes, the lower 2 bits of the PCU address bus arc not required to decode the address space for the PHL 
When reading a register that is less than 32 bits wide zeros shouJd be returned on the upper unused bit(s) 
of phi^cujdata. Table 164 lists the configuration registers in the PHI 



Table 164. PHI registers description 















Control ReglsteiB 










0x00 


Reset 


1 


0x1 


Active low synchronous reset, self de-activattng. A 
write to this register wfQ cause a PHI Mode reset 


0x04 


Go 




1 


0x0 


Active high bit indicating the PHI is programmed 
and ready to use. A low to high transition will cause 
PHI block Internal state to reset. Will be automatic 
caUy reset if a page finish or a buffer underrun is 
detected. 


General Control 


0x08 


PageLenUne 


32 


0x0000 
_0000 


Specifies the number of dot lines in a page. 


OxOc 


PrintSlart 


1 


0X0 


A low to high transition triggers printing to start 
Only active In Master Mode 


0x10-0x14 




2x16 


0x0000 


Specmes for each printhead 10, the width of the 
margin In dots divided by 2. 

0 - Printhead 10 Channel A 

1 - Printhead 10 Channel B 


0x16-0x20 


DotCouni(5:0] 


6x32 


0x0000 
.0000 


Indicates the number of Dots used Ibr a partlcuiar 
color, where N specifies a color from 0 to 5. Value 
valid after a write access to DotCountSnap 


0x30 


OotCountSnap 


1 


0x0 


Write access causes the /4ca//nOofCiounf values to 
be transferred to the Oo/Counf registers. The 
.^ocu/nOo/Counfare reset afterwards. 


0x34 


PhiHeadSwap 




1 


0x0 


Controls which signals are connected to printhead 
channels A and B 

0 - Normal, specifies bit 0 is channel A, bit 1 is 
channel B 

1 * Swapped, specifies bit 0 is channel 6. bit 1 Is 
ctiannel A. 


0x38 


PhiMode 


1 


0x0 


Indicates whether the PHI is operating in master or 
slave mode 

0 • Slave Mode 

1 - Master Mode 


0x30-0x40 

1 


PhiSerialOrder 




2x1 


0x0 


Specifies the serlaiization order of dots before 

transfer to the printhead. 

Bus 0 • Printhead Channel A 

Bus 1 - Printhead Channel B 

A 0 indicates order ABC, whOe 1 indicates CBA 
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Table 164. PHI registers description 





wmmm 






0x44-0x46 


PrintHeadSize 


2x16 


0x0000 


Specifies the number of non-margin dots in the 

printhead iCs. If margining is to be used then the 

configured PrintHeadSize shoutd be adjusted by the 

dot margin value i.e. PrintHeadSize a {Physical' 

PrintHeadSize - {DotMargin ' 2)). 

Bus 0 - Specifies prfnthead on Channet A 

Bus 1 • Specifies prtnthead on Channel B 


CPU Direct PHI Control (See Table 1 61.) 


Qx4C 


PrintHeadCpuIn 


5 


0X00 


PHI interface pins Input status. Only active in direct 
CPU mode 


0x50 


PrfntHeadCpuDir 


5 


0x00 


PiHI interface pins direction control. Only active in 
direct GPU mode 


0x54 


PrlntHeadCpuOut 


10 


0x000 


PHI interface pins output control. Only active in 
cfirect CPU mode 


0x58 


PrintHeadOpuCtrl . 


1 


0x0 


Control direct access CPU access to the PHI pins 

0 - Normal Mode 

1 - Direct CPU Control mode 


Line Sync Cc 


»mrol 


0x5C 


LsyncLow 


16 


0x0000 


Number of p/iioMrcydes p/iLlsyncf should remain 
low. * 


0x60 


LsyncHlQh 


16 


0x0000 


Number of />hictk cycles fOtUsynd shoutd remain 
high. 


0x64 


LeyncPre 


16 


0x0000 


Number of ptxidk cycles between PrintStart rising 
transition arul the generated p/iL/s>7>cf falling edge 


0x68 


LsyncMin Period 


24 


0x00.0 
000 


Minimum number of phicffccydies between Lsync 
pulses. Lsync pulses of a shorter period wilt be 
rejected. Only used In slave mode. 


0x60 


L6yncOeglitchCnt 


4 


0x3 


Number of phidk cycles to filter the Inconting Lsync 
pulse from the master. Only used in slave mode. 


0x70 ' 


UneSyndnterrupt 


16 


0x0000 


Number of line syncs to occur l>ef6re generating an 
Intemjpt. When set to zero Interrupt is disabled. 


Shift Register Control 


0x74 


SidkPre 


14 


OxOOOO 


Numl>er of phidk c/cAes between p/iLteync/ falling 
edge and phi^srdk pulse generation, or printhead 
data transfer 


0x78 


SndkPost 


14 


0x0000 


Number of pNcfk cycles cUlowed margin from last 
srcffr pulse in a line to before next line sync 


0x70-0x80 


PrintHeadRatetL-O] 


2x16 


OxFFFF 


Specifies the active to Inactive ratio of phLsrdktor 
the printhead ICs. A 1 1ndicates Acthre. 
Bus 0 - Printhead IC channel A 
Bus 1 ' Printhead IC channel B 


0x84 


DotOrderMode 


1 


0x0 


Specifies the dot transmit order to the printhead 
Channel A. Printhead Channel B is always the 
opposing order. 

0 • Even before Odd dots 

1 - Odd t>efore Even dots 


Fire Control 


0x88 


Profile Pre 


14 


0x0000 


Number of pNcikcycAes phLlsync/taUing edge and 
pt)i_j>mfite pulse generation 
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Table 164. PHI registers description 











Ox8C 


ProfileLow 


14 


0x0000 


Number of phidk cycles phLproRle shouW remain 
low. 


0x90 


ProiiteHigh 


14 


0x0000 


Number of phidk cydes phLpmfHa should remain 
high. 


0x94 


ProfiJeNum 


16 


0x0000 


Number of profile pulses per Dne time. 


0x98 


FrdkPre 


14 


0x0000 


Number of phicUc cycAes phi^tsyndMing edge and 
pfi/_/Src0r pulse generation 


0x9C 


FrdkLow 


14 


0x0000 


Number of phidk cydes pNJhcOc should remain 
low. 


OxAO 


FrdkHlflh 


14 


0x0000 


Number of phidk cydes phLfrdk sfioM remain 
high. 


0xA4 


FitUcNum 


16 


0x0000 


Number of phtJincOc pulses per line time. 


Working Reg 


liters 


0xA8-OxAC 


UneDotCnt 


2x16 


0x0000 


Indicates (he number of dot processed In the cur- 
rent line 

Bus 0 - Prtnthead Channel A 
Bus 1 - Pfinthead Channel 8 
(Read Only Registers) 


OxBO 


UneCnt 


32 


0x0000 
_0000 


Indicates the number of tines processed in this page 
(Read Only Register) 



The configurBtion registers m the PHI block are clocked at pclk rates but several blocks in the PHI are 
clocked by different and asynchronous clocks. Configuration values are not re-synchronized, it is therefore 
important that the Go register be set to zero while updating configuration values. This prevents logic from 
entering \mknown states due to metastable clock domain transfers. 

Some registers can be written to at any time such as the direct CPU control registers {PrintHeadCpuIn, 
PriruHeadCpuDir, PrintHeadCpuOut and PrintHeadCpuCtrl), the Go register and the PrintStart register. 
All registers can be read from at any time. 

When one of the direct CPU control registers are written to the configuration registers block generates a 2 
cycle pulse (ppu_io^\vr) which is used to transfer the pin control signals from the pclk domain to the phiclk 
domain. The cpujo^wr signal is a delayed version of die write enable from the CPU. 



32.9.4 Dot counter 



The dot counter keeps a running count of the number of dots fired for each color plane. The counters are 
32 bits wide and will saturate. When the CPU wants to read the dot coimt for a particular color plane it 
must write to the E>otCountSnap register. This causes all 6 running coimter values to be transferred to the 
DotCount registers in the configuration registers block. The running counter values are reset * 
// reset if being snapped 
if (dot_cnt_6nap 1) then{ 

dot^count [5:0) = occunudot^count (5 :0J 

accuzix.dot_count(S:0] = 0 

> 

// update the counts 

for <color=0; color < 6;color-t>^) { 

if (accuin_dot_count [colorj •= Oxffff_ffff> { 
// data valid, first dot stream 

data.valid = ( (phi_llu_ready [0] == 1) AND (Hu_phi_avail ( 0] 1)) 
if <(data_ valid == 1) AND (llu_phi_d«taIO) (color J == X)) then 
accuny^doccounc (color] 
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// data valid, second dot stream 

data.valid = < (phi_llu_ready [1 J »o i) AND (lluuphi_avail[l) == 
if ((data^valid == 1) AND (Ilu^hl.data(l] (color] 1)) then 
acctuL.dot_coiint [color] •*-!- 

} 



1>) 



32.9.5 Sync generator 

The sync generator logic has two modes of operation, master and slave mode. In master mode (configured 
by the PhiMode register) it generates the Isyncl^o output based on configured values and control triggers 
from the PHI controller. In slave mode it de-glitches the incoming IsynclJ signal, and filters the Isyncl sig- 
nal with the minimum configured period. 



Reset ^ 



toyncCo- 1 



MacNne remains in sanie state by default 
All outputs are zero unless ottieiwlse stated 
State Description.* 



(2 



aync cn«°l ANP 
count « isyncjifB 



ceunt«i.O AND last giw 



count ■ isyncjOw 



oounl - 



11 



y 



mrnl ANP. 



SyncPre ) 



^SyncWatt ^ 4- 



ctxmt»w0 
count* 



count «ls^Jo«v 



count 



oount>l! 



t^^nc_pMfX,jMflod 



SyncLow ^ byncco-o ^^ ^yncRBriod^ 



Reset 
. SyncPre: 
SyncLow: 

SyncHIgh: 

SyncWSalt 
SyncPsFiod: 



count - lsync_Ngh 



count • lsync_/ntn.pafiOfl 



I8vne nul8ii—1 AMD e«irm-Q 
cync_efr«1 



taynct.o- 1 



To RoMt Scale 



Nomnal reset state 

Count the LsyncPre number of dock cydes 

Count the LsyncLow number of ctock 
cycles 

Count the UsyncHigh number of dodc 
cydes 

Watt for cm input Isync pulse 

Count the LsyncMinperiod number of dodc 
cydes 



Figure 244. Sync generator state diagram 



After reset or a pulse on phi_go_pulse the machine returns to the Reset state, regardless of what state it's 
currently in. 

The state machine waits until it's enabled (jync_en=l) by the PHI controller state machine. When 
enabled it can proceed to the SyncPre or SyncWait depending on whether the state machine is configured 
in master or slave mode. In master mode it generates the Isyncl pulses, in slave mode it receives and filters 
the Isyncl pulses from the master sync generator 

On transition to the SyncPre state a counter is loaded with the LsyncPre value/and while in the SyncPre 
the counter is decremented. When the count is zero the machine proceeds to the SyncLow state pulsing the 
line^st signal on transition and loading the counter with LsyncLow value. This indicates to the PHI con- 
troller the line start aligned to the Isyncl negative edge. 
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The machine waits in the ^ncLow state until the counter has decremented to zero. It proceeds to the Syn- 
cHigh state and counts LsyncHigh number of cycles. While in LsyncLow state the IsyncLo output is set to 
0 and in SyncHigh the Isynci^o output is set to 1. 

When the count is zero and the current line is not the last {lastjine = 0). the machine rettims to the Syn- 
cLow state to begin generating a new line sync pulse. The transition pulses the linejst signal to the PHI 
controller. 

The loop is repeated until the current line is the last {lastjine «=1), and the machine returns to the Reset 
state to wait for the next page start 

In slave mode the state machine proceeds to the SyncWait state when enabled It waits in this state until a 
lsync_jjulse is received from the input de-glitch circuit. When a pulse is detected the machine jumps to the 
SyncP^nod state and begins counting down the LsyncMinPeriod number of clock cycles before returning 
to the SyncWait state. On transition from the ^ncfVait to the SyncPeriod state the line jst signal to the PHI 
controller is pulsed to indicate the line start. While in the SyncPeriod state if a Isync^be is detected the 
state machine will signal a sync enor (via sync^err) to the PHI controller and cause a buffer underrun 
intewxpi, 

32.9.5.1 Lsynci input de-gfitch 

The lsync_i input is considered an asynchronous input to the PHI, and is passed through a synchronizer to 

reduce the possibility of metastable stales occurring before being passed to the de-glitch logic. 

The input de-glitch logic rejects input states of duration less than the configured number of clock cycles 

(Isync^deglitch^cnt), input states of greater duration are reflected on the output, and are negative edge 

detected to produce the Isync^lse signal to the main generator state machine. The counter logic is given 

by 

if ( lsync_i != lsync_i_delay) then 

cnt = Isync^deglicch^cnt 

oucput_en c 0 
elsif (cnt 0 ) then 

cnt = cnt 

output.en = 1 
else 

cnt 

output_en = 0 



IsyncJ - 



synchorUzsf 



*syncj.cfetay 



Counter 
Logic 



(sync.degSfich.cnt . 



K cnt 

J* '■ — 



Compare 

— z — 



Pulse 
Generator 



output an 



tsyncpulse 



Figure 245. Une sync de-glitch RTL diagram 



32.9,5.2 Une Sync Interrupt logic 



The line sync interrupt logic counts the number of line syncs that occur (either internally or externally gen- 
erated line syncs) and determines whether to generate an interrupt or not. The number of line syncs it 
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counts before an intcm^^t is generated is configured by the LineSyncInterrupt register The interrupt is dis- 
abled if LineSyncInterrupt is set to zero. 
// isnplement the interrupt counter 
if (phl_go_pul.se ssi) then 

line_count = 0 
elsif <line.st == 1) AND (line_count == 0) > than 

line_count = linecount_int 
elsif ((line_st == 1) AND (line.count !»= 0)) then 

lino_count — 
// determine when to pulse the interrupt 
if (linesync_int o= 0 ) then // interrupt disabled 

phi^icu^linesync^int = 0; 
elsif ((line_fit == 1) AND (line^count == 1)) then 

phi_icu_linesync_int » 1 



32.9.6 Fire generator 

The fire generator block creates the signal profile for the phijrclk and phi^rofile signals to the prin&ead. 
The profile is based on configured values and is timed in relation to the fire _fiync pulse from the PHI con- 
troller block. 



flesfiLpafifiLo0Louiaffi»l 



Reset ^ 



count ■ fTc9(_pra 



CQunrl-Q 
count 



counts^ 1 f 
count- I ( 



CQUnt«aQ 

count • licflOt'O't 



repeaucount-MKjnum 

RreHlgh ^ phLbc*-i 



ceum— Q 
r6pea]..qount - 



count • frdlOow 



|gpeai.cBUnl**Q 



Machine remains in same state by default 
All outputs are zero unless otherwise stated 

State Description: 

Reset: Normal reset state 

RrePre: . Count the FrdkPre number of dock cycles, 
repeat count $et to FrdkNum 

RreHlgh: Count the FrdkMIgh number of dock cydes 

FIreLow: Count the RdkLow number of dock cydes 



Figure 246« Fire generator state diagram 

The fire generator consists of 2 identical state machines for creating the phi Jrclk and phi^rofile signals 
respectively. 

The machine is reset to the Reset state when phi_go j^ulse =1 or the reset is active, regardless of the cur- 
rent state. 

The machine waits in the reset state until it receives a fire^st pulse from the PHI controller. The controller 
will genezate ^fire^t pulse at the beginning of each dot line. On the state transition the cycle counter is 
loaded with the FrclkPre value and the repeat counter is loaded with the FrclkNum value. 
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The state machine waits in the FirePre state imtil the cycle counter is zero, after which it jumps to the Rre- 
High state and loads the cycle counter with FrclkHigh value. Again the state machine waits until the count 
is zero and then proceeds to the FireLow state. On transition the cycle counter is loaded with the FiivLow 
value. The state machine waits in the FireLow state while the cycle counter is decremented. 

When the cycle counter reaches zero and the repeatjcount is non-zero, the repeat_count is decremented, 
the cycle counter is loaded with the FrclkHigh value and the state machine jumps to the FireHigh state to 
repeat the pA/Jfr/^ generation cycle. The loop is repeated imtil the repeatjcount is zero. In such cases the 
state machine goes to the reset state and waits for the next fire^st pulse. 

When in the Reset state iht fire^rdy signal is active to indicate to the controller that the fire generator is 
ready. 



The PW controller is responsible for controlling all functions of the PHI block on a line by line basis. It 
controls and synchronizes die sync generator, the fire generator, and datapath unit, as well as signalling 



32.9.7 



PHI controller 
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J3 



back to the CPU the PHI status. It also contains a line counter to determine when a full page has completed 
printing. 
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Figure 247. PHI controller state machine 

The PHI controller state machine is reset to /^e^er state by a reset or /^Af _go^ptds€= I, 
It will remain in reset until the block is enabled by phi^o = 1 . Once enabled the state machine will jump 
to the FirstLine state, trigger the transfer of one line of data to the printhead (data^t 1) and the line 
counter wiU be initialized to the page length (PageLenLine). Once the line is transferred (data Jin from the 
datapath unit) the machine will go to Pnntstart state and signal the CPU using an interrupt that the PHI is 
ready to begin printing (phijcujfrint^rdy). The line counter wiU also be decremented. It will then wait in 
the Printstart state until the CPU acknowledges the print ready signal and enables printing by writing to 
the PriniiSfarf register. 

The state machine proceeds to the SyncWdit state and waits for a line start condition {line jst =1). The line 
start condition is different depending on whether the PHI is configured as being in a master or slave 
SoPEC (the PhiMode register). In either case the sync generator determines the correct line start source 
and signals the PHI controUer via the line^st signal. Once received the machine proceeds to the LineTrans 
state, with the transition triggering the fire generator to start (fire_jt), the datapath unit to start (data^st) 
and the sync generator to start (sync_sty 
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While in the Linejyans state Che fire» sync and datapath unit will be producing line data. When finished 
processing a line the datapath unit will assert the line finished {line Jin) signal. If the line counter is not 
equal to 1 (i.e. not the last line) the state machine will jxunp back to the SyncWait state and wait for the start 
condition for the next line. The line coiinter will be decremented. If the line counter is one then the 
machine will proceed to the LastLine state. 

The LastLine state generates one more line of fire pulses to print the last line held in the shift registers of 
the printhead. Once complete {fire Jin =1) the state machine returns to the reset state and waits for the 
next page of data. On page completion the state machine generates a phijcu^agejinish interrupt to sig- 
nal to the CPU that the page has completed, the phijcu^age Jinish will also cause the Co register to reset 
automatically. 

While the state machine is in the Linelhans state (or in FirstLine state and the PHI is in slave mode) and 
waiting for the datq>ath unit to complete line processing, it is possible (e.g. an excessive PEP stall) that a 
new line start condition occurs but the datapath unit is not ready. In this case an underrun error is gener- 
ated. The state machine goes to the Underrun state and generates a phi_icu_underrun interrupt to the 
CPU. The PHI cannot recover from a buffer underrun error, the CPU must reset the PEP blocks and re- 
start printing. The phijcujunderrun will also cause the Co register to reset automatically. 



32.9.8 CPU lO control 



The CPU 10 control block is responsible for accepting CPU direct lO control signals from the configura- 
tion registers (at pclk frequency) and transferring them to phiclk frequency. It also accepts the input signals 
from the printhead and re-synchronizes them to the pclk domain, and debug signals from the RDU and 
muxes them to output pins. 

Table 161 contains the direct mapping of configuration registers to printhead lO pins. Direct CPU control 
is enabled only when PrintHeadCpuCtrl is set to one. In normal operation (i.e. PrintHeadCpuCtrl = 0) 
the printhead data pins are always in output mode (phi _phJUtta^e = 1), the phijsyncl will be in output if 
tfie SoPEC is the master, i.e, phijsyncl^e = phi^ode^ and readl will be set high. 

The pseudocode for the CPU lO control is: 



if (printheadL.cpu_ctrl 
// outputs 

phi_ph_dat«_o[0) (1:0) 
phi_ph_dato_o C 1 ) C 1 : 0 ] 
phi_lsyncl_o 
phl_readl 
phi.srclkll jO) 
phi^frclk 
phi_pro£ilo 
// direction control 
phi_jh_dat«i_e 1 0 1 [1:0} 
phi_ph_dat«_etll tl:01 
phi_lflyncl^G 
// input assignments 
prlnthead_cpu_in [1 : 0] 
printheacl_cpu.in [3:2] 
prin thea4_cpu_in ( 5 ) 
else // normal connections 
// outputs 

philptu.<aata.o(0) (1:0) 
phi_ph_da ta_o (11(1:0} 
phi_lsyncl_o 
phi..readl 
phi_8rcl)c[l:0] 
phi_£rclk 
phi^rof ile 
// direction control 



«8 1} then // CPU access enabled 

printhea<^cpu_out ( 1 ; 0} 
pr inthead_cpu__out 13:2] 
printhead_cpu_out (4] 
printhead_„cpu«out (5] 
print head_cpu^out (7:6] 
. print head_cpu_out ( 8 ] 
print hGad^cpu_out (9} 

printhead__cpu_dir (1:0] 
printheadLcpu_dir (3:2] 
printhead_cpu_dir [ C ) 

synchronize <phi_ph_data_i (0) (1:0) ) 
synchronise (phi_ph_data_i ( 1 ) (1:0}) 
synchronize <phi_l8yncl_i(0) (1:0)) 



ph^datatO] (1:0) 
ph^datad) (1:0) 
lsync_o 
1 

8rclk{l:0] 
frclk 
profile 
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phi_ph.daca.e[0) [1:0] = 0x3 
phi_ph_data_etll (1:0) = 0x3 

phi_lsyncl_e = phi.mode // depends on Master or Slave mode 

// inputs 

lsyncl_i « phi_lsync_i // connected regardless 

// debug overrides any other connections 
i£ <debug_cntrl(0] ss then 

phi_frclk « debug_data_out(0] 

phi_.readl = pclk 

if (debug_cntrl(l} i) then 

phi^profile = debug_data_out [11 

if (debug.cntrl(2] 1) then 

phi_l8yncl_o - debug.data_out (2 J 

phi_lflyncl_o = 1 

The debug signalling is controlled by the RDU block (see Section 1 1.8 Realtime Debug Unit (RDU)), the 
lO control in the PHI muxes debug data onto the PHI pins based on the control signals from die RDU.' 
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32.9.9 Datapath Unit 



1 



Line Loader Unit (LLU) 
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-f2 /'a 

9 



^i^ '^ ireadyjO]: 
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> pdk domain (160 Mhz) < i tfodk domain (320 Mhz) i i phidk domain (106 Mhz) 



Figure 248. Datapath Unit partition 
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32.9.10 Dot order controller 

RaaetOBnhi on niil«>=«1 



»^ Reset ^ 



<tot_ofdef_fdy -1 



data stg=i 
dot.cn(t.r8t ■ 1 



(\ mode.sal 
UneStart j g^JJ-JJl^j 



mode.sal « dot_onter_mode 
gen_en[01 « -(mW_ptfon 



mid ntfVQ^ll 



Machine remains In same state by default 
All outputs are zero unless otherwise stated 

State Description: 

Reset Normal reset state 

Unestart: Start processing first part of the line* vvait for 
both mid_pt to be acthm 

UneMId: Switch over wait state allow pipeline to dear 

Une£nd: Line end processing wait for both [ine.fin to be 
active 



^ UneMid J 



Una finp^5p=T 



tnotfa.sel » doljorder.mode 
gen_enIO] e 0 
gefuen(i|«0 



UneEnd 



^ mode.sal « •(douofddr.moda) 

J geiuenroi » mid jnfQI 
^ gen_enli|«m[d^1| 



Figure 249. Dot Order controller state diagram 

The dot order contxoUer is responsible for controlling the dot order blocks. It monitors the status of each 
block and determines the switch over point, at which the connections from odd and even dot streams to 
printhead channels are swapped. 

The machine is reset to the Reset state when phi_go jpulse = 1 or tiie reset is active. The machine will 
wait until it receives a data^t pulse from the PHI controller before proceeding to the LineStart stale. On 
the transition to the LineStart state it will reset the dot counter in each dot order block via the dotjcntjrst 
signal. 

While in the LineStart state both dot order blocks are enabled (gen_en=\). The dot order blocks process 
data until each of them reach their mid point. The mid point of a line is defined by the configured printhead 
size (i.e. print Jiead^ize), When a dot order block reaches the mid point it immediately stops processing 
and waits for the remaining dot order block. When both dot order blocks are at the mid point {mid^t — 
II) the controller clocks through the LineAfid state to allow die pipeline to empty and inmiediately goes to 
LineEnd state. 

In the LineEnd state the mode^el is switched and the dot order blocks re-enabled« in this state the dot 
order blocks arc reading data from the opposite LLU dot data stream as in LineStart state. The controller 
remains in the LineEnd state imtil both dot order blocks have processed a line i.e. line^Jin =11. 

On completion of both blocks the controller returns to the Reset state and again awaits the next data_^t 
pulse from the PHI controller. When in Reset state the machine signals the PHI controller that it's ready to 
begin processing dot data via the dot_order_rdy signal. 
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The dot order controller selects which dot streams should feed which printhead channels. The order can be 
changed by configuring the DotOrderMode register. In all cases Channel A and Channel B must be in 
opposing dot order modes. Table 158 shows the possible modes of operation. 



Table 165. Mode selection In Dot order controller. 













A 


0 


0 


Even before Odd (EBO mode), even dot stream feeds 
Channel A printhead. first half line. 




d 


1 


Odd before Even (OBE mode), odd dot stream feeds 
Channel A printhead, first half line. 




1 


0 


Even before Odd (EBO mode), even dot stream feeds 
Channel A printhead. second half line. 




1 


1 


Odd twfore Even (OBE mode), odd dot stream l^eds 
Channel A printhead. second half line. 


B 


0 


0 


Odd before Even (OBE mode), odd dot sueam feeds 
Channel 6 printhead. second half line 




0 


1 


Even before Odd (EBO mode), even dot stream feeds 
Channel B printhead, second half line. 




1 


0 


Odd before Even (OBE nnode), odd dot stream feeds 
Channel B printhead. first half line. 




1 


1 


Even before Odd (EBO mode), even dot stream feeds 
Channel 6 printhead, first half line. 



32.9. t a f Dot order unit 

The dot order control accepts dot data from either dot stream from the LLU and writes the dot data into the 
dot buffer. It has two modes of operation, odd before even (OBE) and even before odd (EBO). In the OBE 
mode data from the odd stream dot data is accepted first then even, in EBO mode it's vice versa. The mode 
is configuzable by the DotOrderMode register. 

The dot order unit maintains a dot count that is decremented each time a new dot is received from the 
LLU. The dot order controller resets the dot counter to the printjiecuij5ize[15:0] at the start of a new line 
via the dot_cnt_rst signal. The dot count is compared with the printhead size {print Jiead jfize[l5:0] 
divided by 2) to detemiine the mid point Qnid^i) and the line finish point (line Jin) when the dot counter 
is zero. 

The mid point is defined as the half the nimiber of dots in a paittcular printhead, and is given by the 

print Jxead^size bus. 

// define the mid point 

if (dot_cnttl5:0] »» print_headL8ize(15:l] )then 

ini^^t = 1 
else 

mid pt = 0 

The dot order unit logic maintains the dot data write pointer. Each time a new dot is written to the dot 
buffer the write pointer is incremented. The fill level of the dot buffer is determined by comparing the read 
and write pointers. The fill level is used to determine when to backpressure the LLU {j^ady signal) due to 
the dot buffer filling. A suitable threshold value is determined to allow for the full LLU pipeline to empty 
into the dot buffer. 

The dot order stalling control is given by: 

// detorraino the ready/avail signal to uee. based on xnode select 
if (mode.sel == 1) then 

detractive = llu^hi^avail (01 AND ready 

wr_data = llu_phi_data(0) 
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else 

dot.accive = llu_phi_avAil ( 11 AMD ready 

wr_data = llu_phi_data[ll 
// update the counters 
if (do tractive == 1) then ( 

wr_en = 1 

wr.adr +♦ 

if (dot_cnt »a 0) then 
I dot_cnt B print_head.size 

else 

dot_cnt — 

) 

The dot writer needs to determine when to stall the LLU dot data stream. A number of factors could stall 
the dot stream in the LLU such as buffer fUling, waiting for the mid pomt, waiting for the line finish or the 
dot order controller is waiting for the line start condition from the PHI controller. 
The stall logic is given by: 

// determine when to stall the LLU generator 
fill-level = wr_adr - rcLadr 

if (filX.level > (32 - THRESHOLD ) ) then // THRESHOLD is open value TBD 

ready =0 // buffer is close to full 

els if < gen_en =» 0) then 

ready = 0 // stalled by the datapath controller 

else 

ready =1 // everything good no stall 



/ 
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32.9.10.2Data generator 



Reset ^ 




Machine remains In same state by default 
All outputs are zero unless otherwise stated 
State Description: 
Reset: Normal reset state 
SrdkPre: Count the SrclkPre number of dock cydes 
OataGen: Read Une I>ol data from buffer 
MarginOen: Generate DotMargin number of dots 
SrdkPost: Wait tor SrdkBost number of cydes 



Figure 250. Data generator state diagram 

The data generator block reads data from the dot buffer and feeds dot data to the prmthcad at a configured 
rate (set by the PrintheadRate). It also generates the margin zero data and aligns the dot data generation to 
the synchronization pidse from the PHI controller. 

The data generator controller waits in Reset state until it receives a line start pulse from the PHI controller 
{data^st signal). Once a start pulse is received it proceeds to the SrclkPre state loading a counter with the 
SrclkPre value. While in this state it decrements the counter. No data is read or output at this stage. When 
the count is zero the machine proceeds to the DataGen state. 

On transition it loads the counter with the printhead size (print Jiead^ize). If margining is to be used then 
the configured print_head_size should be adjusted by the dot maigin value i.e. printjiead^ize = 
(physical^nntjiead_size - (dot^margin • 2)). 

While in DataGen state data is read from the dot buffer and output to the printhead. The counter wrill dec- 
rement for every dot data word transferred. The exact rate is dictated by the dot buffer fill levels and the 
configured printhead rate (PrintheadRate). 

The generator determines the rate by incrementing a rate counter (rate^cnt) while in the DataGen state. 
The rate counter is allowed to wrap normally. If the bit selected by the rate_cnt in the print Jiead_rate bus 
IS one data is transferred, otherwise the cycle is skipped- If the PrintHeadRate is set to all zeros then no 
data will ever get transferred. The pseudo-code for the DataGen state is given by: 
// increment Che rate count 
ra te.cn t 

// determine if data should be read 
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// first determine if dAta is available in buffer 
if (rdLadr != wr_adr ) then 

if (print_head„ratelrate„cnt) == 1 ) then 

dot.active «= 1 

gate.srclk = 1 

rd^adr +♦ 

dot^data = rtiUdata 
count — 
else 

dot_actlve ^ 0 
gate.srclk » 0 

else 

detractive « 0 
gate^srcXk a o 

When the counter reaches zero the state machine will jump to the MarginGen state if the configured mar- 
gin value is non-zero, otherwise it will jump directly to the SrclkFost state. On transition to MarginGen 
state it loads the cycle counter with the dot^meurgin value, and begins to comit down. While in the Margin- 
Gen state the data generator logic block writes dot data to the printhead but does not read from the dot 
buffers. It creates zero dot data words for the margin duration. 

When the counter reaches zero the machine jumps to the SrclkFost state, loads the clock counter with the 
SrclkPost value and decrements. When the count is finished the state machine returns to the Reset and 
awaits the next start pulse. Shoiild a line sync arrive before the data generators have completed {fiatajin 
signal) the PHI controller will detect a print error and stall the PHI interface. 



32.9.10.3 Data seriaiizer 



The data seriaiizer block converts 6-bit dot data at pkiclk rates (nominally 1 06 MHz) to 2-bit data at doclk 
rates (nominally 320 MHz). 



phldk 



J L 



J L 



dodk 



dot_data(5:0] 


. invalid 




X Va[Id[S:0] 




InvalU . 




ph_jdata[1.*0] 


X X 




X X 1--0 X 3 :2 : 


( S:4 X 1:0 X 3:2 X 5:4 


X X 




mux.sel 













gate.srdk 
gate.srdk.del 
srdk 



LJ~Ln_rLri_rLr 

Figure 251. Data seriaiizer timing 



The srclk is only active when data is available for transfer to the printhead, as enabled by the gatejsrctk 
signal, The data rate mechanism in the data generator block will mean that data is not transferred to the 
printhead on every phiclk cycle. Both the dotjdata and gate^srclk signals are clocked out by the phiclk and 
can only change on the rising of phiclk. 
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The data serializer block allows easy separation of clock gating and clock to logic structures from the rest 
of the PHI interface. All registers in the block are clocked at docik rates. 



pheod.svvap • 
dot_dataC0]I5:0] • 

doLdata(in5:0] - 



phldk- 



Mux Logic 



pheadLswap- 
Oal6_srdk(1] - 
doclk 



dQt^data[3:21 ^ 



doi_dataf5:4t ^ 



mwLJtel 



oatB-Sitik del 



r>> 



-> ph.data(l:0] 



' srcik 



Figure 252. Data serializer RTL Olagram 

The mux logic determines which data bits from the dot_data bus should be selected for output on the 
ph^datq to the printhead. The selection is dependent on the phicik edge. 
if (phiclk «a 1) then 

mux^sel = 1 
elslf < mux_sel == 2 ) then 

raiu^sel s 0 
else 

The dot data serialization order can be configured by PhiSerialOrder register. If the PhiSerialOrder is zero 
the order is dot [2:0], then dotP:2] then d6t[5:4J. If the register is one then the order is dot [5:4], dot[3:2], 
dot[l:0]. 
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Package and Test 
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33 Test Units 



33.1 JTAG INTERFACE 

A standard JTAG (Joint Test Action Group) Interface is included in SoPEC for Bonding and 10 testing 
purposes. The JTAG port will provide access to all internal BIST (Built In Self Test) structures. 

33.2 Scan Test I/O 

The SoPEC device will require several test lO's for running scan tests. In general scan in and scan out pins 
will be multiplexed with fixnctional pins* 



33.3 . Analog Test Units 

33.3.1 USB PHY Testing 

The USB phy analog macro, wUl contain built-in in test stnacture, which can be access by either the CPU 
or thzough the JTAG port 



33.3.2 Embedded PLL Testing 

The embedded clock generator PLL will require test access from JTAG port. 
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34 SoPEC Pinning and Package 



34.1 Overview 

It is intended that the SoPEC package be a 100 pin LQFP. Any spare pins in the package may be used by 
increasing the number of available GPIO pins or adding extra power and ground pin. The pin list shows the 
minimum pin requirement for the SoPEC device. 



Table 166. SoPEC Pin Ust 











Clocks and resat 








xtalin 


1 


1 


IBO 


N/A 


xtalin 




xtakMJt 


1 


O 


TBO 


N/A 


xtatout 


Crystal output pin 


resBtjn 


1 




LVl IL 


2.5v 


re$6L.n 


Asynchfonous active low reset 


Printhead Intarfx 


;e 






ph.daiH[OJIP] 


2 


O 


LVDS 


3^ 


phLpK.clata_oCOPl 


Dot data lor ookirs 0-2 for Printhead 0. 
Using differential signalling 


1 


LV1 IL 


3.3V 


phl_ph_data«|0] 


Input mode bit used for nooto test 
fesutt printt)ead 0 


prudata[0][1] 


2 


o 


LVOS 


3.3v 


phLph^dat^oCOni] 


Dot data for colors 3-5 for Printhead 0. 
Using differential signaUIng 


t 


LVTTL 


3.3v 


phlj)h_dataj[1] 


Input mode bit used for temperature 
data printhead 0 


ph.daiaI1](0J 


2 


o 


LVDS 


3.3V 


phLplu<tate_o(1I(0] 


Dot data tor colors 0-2 for Printhead 1. 
Usir>g differential signaHIng 


1 


LVTTL 


3.3v 


phlj)h_data_l[11 


Input mode bft used for nozzle test 
result printhead 1 


ph.dataCtRil 


2 


o 


LVOS 


3.3v 


phlj»h_dala_o(1K1J 


Dot data tor colors 3-5 for Printhead 1 . 
Using differential signalling 


1 


LVTTL 


3.3v 


phLph.data^i(1) 


Input mode t>it used for tamperatwe 
data printhead 1 


srdk(0} 


2 


o 


LVDS 


3.3V 


phL8relk[0] 


Differential dot data shift dock tor prim 
headO 


8rdk(1) 


2 


o 


LVDS 


3.3V 


phC9rclK(1J 


Differential dot data shift dock for print 
head 1 


readi 


1 


o 


LVTTL 


3.3v 


phLreadl 


Common Print head mode control 


frdk 


1 


o 


LVTTL 


3-3v 


p(iL.iicnc 


Common Rre pattern shut dock, needs 
to toggle once per fire cycfe 


profita 


1 


o 


LVTTL 


3.3V 


phLprofDe 


Common Pulse profile for afl cokxs 


Isynd 


1 


o 


LVTTL 


3.3v 


phL-lsynd_o 


Line Sync output from Master to Slaves 




1 


LVTTL 


3.3V 


phLlsyndJ 


Line Sync input to Slaves firom Master 


USB Connecttons 




usbd 1 


2 


vo 


Differen- 
tial 


3.3v 


Direct Phy Connection 


USa differentiai data 


JTAQ 




tdo 


1 


o 


CMOS 


2.5V 


tdo 


JTAG Test data out port 


(ms 


1 


1 


CMOS 


2.SV 


tms 


JTAG Test mode select 


tdl 


1 


1 


CMOS 


2.5V 


tdt 


JTAG Test data in port 


ick 


1 




CMOS 


2.5V 


tck 


JTAG Test access port dock 


General Purpose lO 
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Table 166. SoPEC Pin List 



gpioC3:0) 


4 


m 




ism 

2.5v 
2.SV 


flpte.o(3:0J 

rrrurt HT-ni 




Motor control pins / general purpose 
Output 


flpio[7:41 


4 


o 

1 


High 
Drive 
CMOS 

CMOS 


2.5v 
2.SV 


8pio_o(7:4] 


General purpose input 

LED driver pins / general purpose Out. 
put 


gpio(ii3] 


4 


\j 


lectm- 


2.5v 


gpto^lf7:4} 

«pio.o(U:8J 


General purpose Input 

LSS Interfaoe pins / general purpose 
Output 






1 


CMOS 


2^V 


gptoJI11:8I 


LSS Inteifece pins / general purpose 
Input 




2 


O 


CMOS 


2.5V 


gpio_o(13:12] 


(SI Interfaoe pins / general purpose 
Output 


Test Pins 

t0St_enabte 


1 


1 
1 


CMOS 
CMOS 


2.5v 
2.5v 


0ploJI13:12] 
TBO 


isi interface pins / general purpose 
Jrput 


Oeneric_test 

Totaf Signal 
PUIS 


5 
~45 


I/O 


CMOS 


2.5v 


TBD 


TestEnat)te 

Generic test pin, function undefined 


Power Pins 
gnd 


16 


1 


Power 


N/A 






vdd 

vddZSO 


10 

3 


i 
1 


Power 
Rower 


|S|/A 
N/A 


gnd 

vdd 
vdd250 


gnd 

vdd 1 .Sv, core voltage 
vdd 2.5V.IO voltage 


v<td330 


5 




Power 


N/A 


vdd330 


vdd3.3y. lOvoliage 


Total Pins 


81 
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Memjet Printhead 



i3 
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35 Memjet Printhead 

This section is quoted verbatim firom SoPEC/MoPEC Bilithic Printhead Reference document [10]. 

35.1 Background 

Silverfoiook*s bilithic Memjet™ printheads are the target printheads for printing systems which will be 
controlled by SoPEC and MoPEC devices. 

This document presents the format and structure of these printheads* and describes the their possible 
airangements in the target systems. It also defines a set of terms used to differentiate between the types of 
printheads and the systems which use them. 

35.2 Companion Documents 

Currently, this document is only concerned with the structure of the printheads and their systems, with 
regard to the way in which dot data is loaded. 

Refer to the Bilithic Printhead Specification [2] for the complete description of the functionality of these 
devices. 

This document relies on certain defuiitions and details presented in Bilithic Printhead Specification [2]. 

35.3 Definitions 

This document presents terminology and definitions used to describe the bilidiic printhead systems. These 
terms and definitions are as follows: 

• Printhead TVpe . There are 3 parameters which define the type of printhead- used in a system: 

• Direction of the data flow through the printhead (clockwise or anti-clockwise, with the printhead 

shooting ink down onto the page). 

• Location of the left-most dot (upper row or lower row, with respect to V^ ), 

• Printhead footprint (type A or type B, characterized by the data pin being on the left or the right of 

where is at the top of the printhead). 

• Printhead Arrangement - Even though there are 8 printhead types, each arrangement has to use a spe- 

cific pairing of printheads, as discussed in Section 35.4. This gives 4 pairs of printheads. However, 
because the paper can flow in either direction with respect to the printheads, there are a total of eight 
possible arrangements, e.g. Arrangement 1 has a Type 0 printhead on the left with respect to the 
paper flow, and a Type 1 printhead on the right Arrangement 2 uses the same printhead pair as 
Arrangement 1 , but the paper flows in the opposite direction. 

• Color 0 is always the first color plane encountered by the paper. 

« DotO is defined as the nozzle which can print a dot in the left-most side of the page. 

• The Even Plane of a color corresponds to the row of nozzles that prints dot 0. 

Note that throughout this document, where the various printheads and systems are presented, the print- 
heads always shoot ink down onto the page. 

Figure 253 shows the 8 different possible printhead types. Type 0 is identical to the Right Printhead pre- 
sented in Figure 3 in [2], and Type 1 is the same as the Left Printhead as defined in [2]. 
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IVhile theprintheads shown in Figure 253 look to be of equal width (having the same number of nozzles) it 
is important to remember that in a typical system, a pair of unequal sized printheads may be used. 
v+ 
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Type 6 printhead 



Type 7 printhead 
Figure 253. Printhead Types 0 to 7 



Table 167 defines the printhead pairing and location of the each printhead type, with respect to the flow of 
paper, for the 8 possible arrangements 



Table 167. Definition of the different printhead arrangements 















AfFangement 1 


TypeO 


Type 1 


Arrangement 2 


Type 1 


Type 0 


Arrangement 3 


Type 2 


Type 3 


Arrangemertt 4 


Type 3 


Type 2 


Anrangement 5 


Type 4 


Types 


Arrangement 6 


Type 5 


Type 4 


Anangement 7 


Type 6 


Type 7 


Arrangement 8 


Type 7 


Type 6 
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35.4 BlUTHic Printhead Systems 



When using the bilithic printheads, the position of the powcr/gnd bars coupled with the physical footprint 
of the printheads mean that we must use a specific pairing of printheads together for printing on the same 
side of an A4 (or wider) page, e.g. we must always use a Type 0 printhead with a Type 1 printhead etc. 

While a given printing system can use any one of the eight possible arrangements of printheads, this docu- 
ment only presents two of them. Arrangement 1 and Arrangement 2, for purposes of illustration. These 
two arrangements are discussed in subsequent sections of this document. However, the other 6 possibilities 
also need to be considered 

The main difference between the two printhead aixangements discussed in this document is the direction 
of the paper flow. Because of this, the dot data has to be loaded differently in Anangement I compared to 
Arrangement 2, in order to render the page correctly. 



35.4.1 Example 1: PHnthead Arrangement 1 

Figure 254 shows an Arrangement 1 printing seti^, where the bilithic printheads are arranged as follows: 

• The Type 0 printhead is on the left with respect to the direction of the paper flow. 

• The Type 1 printhead is on the right 
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IVpe 0 Printhead 



Type 1 Printhead 




Gnd 
i i 



The printheads are facing downwards. 
The ink is being shot down onto the page« Direction 

of Paper Flow 



Figure 254. Identification of printheads nozzfes and shift-register sequences for printheads in 

Arrangement 1 

Table 168 lists the order in which the dot data needs to be loaded into the above printhead system, to 
ensure color 0-dot 0 appears on the left side of the printed page. 



Table 168. Order in which the even and odd dots are loaded for printhead Arrangement 1 









1@wtran!pn'tfi?>lrigfit^ 






Odd 


Loaded second in 
descending order. 


Loaded first in 
descending order. 






Even 


Loaded first in 
ascending order. 


Loaded second In 
ascending order. 
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Figure 255 shows how the dot data is demultiplexed within the phntheads. 



Type 0 Printhead Type 1 Printhead 
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Figure 255. Demultrplexing of data within the printheads in Arrangement 1 

Figure 256 and Figure 257 show the way in which the dot data needs to be loaded into the printheads in 
Arrangement 1 , to ensure that color 0-dot 0 s^peais on the left side of the printed page. 

Data[l] 

SrClk -XTTJTJIJTJTJTJTJ^ 

Figure 256. Signalling for a Type 0 pHnthead in Arrangement 1 



Data[l] 



SiClk nJTJTJTJTJTJTJTJT^ 

Rgure 257. Signaliing for a Type 1 printhead In Arrangement 1 



35.4.2 Example 2: Printhead Arrangement 2 

Figure 258 shows an Arrangement 2 printing setup, where the bilithic printheads are arranged as follows: 

• The Type 1 printhead is on the left with respect to the direction of the paper flow, 

• The Type 0 printhead is on the right. 
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The piintheads are facing downwards. 
The ink is being shot down onto the page. 



Type 0 Printhead 



t t 

Direction 
of Paper Flow 



Type 1 Printhead 




Gnd 

Rgure 258. Identification of printheads nozzles and shift-register sequences for printheads in 

Arrangement 2 

Table 169 lists the order in which the dot data needs to be loaded into the above printhead system, to 
ensure color 0-dot 0 2q;}pears on the left side of the printed page. 

Table 169. Order in which the even and odd dots are loaded for printhead Arrangement 2 





i^ype^i>rinthead^ 


^|Ai^Sng^|lgK^< 


Odd 


Loaded first In 
descending order. 


Loaded second In 
descending order. 


Even 


Loaded second In 
ascending order. 


Loaded first in 
ascending order. 
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Figure 259 shows how the dot data is demultiplexed within the printheads. 
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Figure 259. Oemultiplexjng of data within the printheads in Arrangement 2 



Figure 260 and Figure 261 show the way in which the dot data needs to be loaded into the printheads in 
Arrangement 2, to ensure that color 0-dot 0 appears on the left side of the printed page. 

Data[0] 
, Data[l] 

srcik njTJ-Lnj"LrmjTJTy^ 



Figure 2G0. Signalling for a Type 0 printhead in Arrangement 2 



DatatO] 

SiClk TJTJTJIJTJTJTJIJ^ 

Figure 261. Signalling for a Type 1 printhead in Arrangement 2 

35.4.3 Conclusions 

Comparing the signalling diagrams for Arrangement 1 with those shown for Airangement 2, it can be seen 
that the color/dot sequence output for a printhead type in Airangement 1 is the reveise of the sequence for 
same printhead in Arrangement 2 in temis of the order in which the color plane data is output, as well as 
whether even or odd data is output first. However, the order witliin a color plane remains the same, i.e. odd 
descending, even ascending. 

From Figure 262 and Table 1 70, it can be seen that the plane which has to be loaded first (i.e. even or odd) 
depends on the arrangement. Also, the order in which the dots have to be loaded (e.g. even ascending or 
descending etc.) is dependent on the arrangement 
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If the device controlling the printheads can re-order the bits according to the following criteria, then it 
should be able to operate in all the possible printhead arrangements: 

• Be able to output the even or odd plane first. 

• Be able to output even and odd planes in either ascending or descending order, independently. 

• Be able to reverse the sequence in which the color planes of a single dot are output to the printhead. 
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Arrangement 6 
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Arrangement 8 
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TT 



Figure 262. All 8 Printhead Arrangements 




Table 170. Order in which even and odd dots and planes are loaded into the various printhead 
arrangements 







^^^^^^^^^^^ 




Airangement 1 


Even ascending loaded first 
Odd descending loaded second 


Odd descending loaded first 
Even ascending loaded second 


Anangement 2 


Odd descending loaded first 
Even ascending loaded second 


Even ascending loaded first 
Odd descending loaded second 
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Table 170. Order In which even and odd dots and planes are loaded Into the various printhead 
arrangements 



^^^^tT^ngeme^^^^ 




^^^^^^^^ogjgHrit^^^^^[^ 


Anangement 3 


Odd ascending loaded first 
Even descending loaded second 


Even descending loaded first 
Odd ascending loaded secortd 


Arrangement 4 


Even descending loaded first 
Odd ascending loaded second 


Odd ascending loaded first 
Even descending loaded second 


Anangement 5 


Odd ascending loaded first 
Even descending loaded second 


Even descending loaded first 
Odd ascending loaded second 


Anangement 6 


Even descending loaded first 
Odd ascendirtg loaded second 


Odd ascendir^ loaded first 
Even descendir^ loaded secorvd 


Arrangement 7 


Even ascending loaded first 
Odd descending loaded second 


Odd des(;ending loaded first 
Even ascending loaded secortd 


Arrangement 6 


Odd descending loaded first 
Even ascending loaded second 


Even ascending loaded first 
Odd desceiKiing loaded second 
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